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Standard Hex vs New H-14 
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See how new Kayfoek H - ) 4 


• Saves weight and space 

• Brings bolt closer to load center line 
e Permits narrower flanges 


It's another pace-setting development by Kaynor, who 
pioneered the first lightweight, self-locking nuts for air- 
frames, missiles, jet engines and electronics. 

The new Keylock H-14 offers these exclusive odvonfoges; 

• 20% to 42% lighter than Koynar's original H-10 hex 
nut series— smaller envelope dimension 

• Tensile strength rated for 160,000 PSI bolts 

• Uses two-size smaller sockets than for Standard AN 
and NAS nuts 

• Nut and bolt can be moved closer to load center line 

• Patented* Kaynar thin-wall, resilient self-locking 
device assures uniform locking torque 

• Also ovoilable In A286 corrosion-resistant steel for 
900°F 



*The Kaynar self-lock- 
ing principle, of which 
the Kaylock Ellipse is 
an exampie, is pat- 
ented (#2,816,5911. 


I [4 KAYLOCK^ 

^ ^ All-M*tel Self-lMklna Nuts 


KAYNAR MEG. CO., INC— KAYLOCK DIVISION • World's lorgest ond oldest manufacturer of lightweight, oll-tnetol self-locking nuts 
Home office and plant: Write Box 2001. rerminol Annex, los Angeles 54. Bronch offices, warehouses and representoli.es in Wichita, 
Kansas,' New York, New York; Atlonto, Georgio. Canodion Distributor; Abercorn Aero, Ltd., Montreal, Quebec. 



Foresight 

Goodyear 


coming of the Spnce-and-Missile Afte 


integrated rocket . 


This foresight, these skills, this 
the birthplace of more large-s 
producer. 

For Jiiore iii/orniafion on thi 
Goodyear Aircraft Corporation 




. completely integrated facility. 
Dept. 9IGAU, Akron IS, Ohio. 


ENGINE CASES-One of the Prime Capabilities of 


OOQ^EAR AIRCI 

jS Ift-nn nS.*A rtjuf r 


Ffowfsin Akron, Okit, and Litch/iM yark.Aruona 


wallop! 





...and now for everyone 


The wraps are ofl RADAN! The civilian coun- 
terpart of GPL’s famous military Doppler auto-navi- 
gators, is ready and available now — for anyone and 
everyone! 

RADAN Systems have behind them millions of 
miles of experience in transcontinental, oceanic and 
polar flights . . . save precious time and fuel . . . pro- 
vide a priceless margin of safety. 

• RAOAN — accurate: within 1% for ground speed, 

within for drift angle 

• RADAN — small: 4.4 cu. ft.— light: 89 lbs. 

• RADAN — operates without ground or celestial aids 

• RADAN — virtually maintenance-free 


Now in quantity production, RADAN Systems 
are manufactured by GPL, who developed and is the 
nation’s leading producer of Doppler air navigation 
systems. Address inquiries to; General Precision 
Laboratory Incorporated, Pleasantville, New York. 


cspx. 
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AVIATION CALENDAR 

Feb. 10-Murch 2— Meeting on Short Range 
Navigational Aids, International Cis'il 

ation Bldg.,^lontrcal, Canada. 

Feb. 12-13-1959 Solid Slate Circuits Con- 
ference, sponsored by Institute of Radio 
Engineers’ I’rufcssional Croup on Circuit 
Theuiy, American Institute of Electrical 
Engineers' Coimuittec on Electronics and 
University of l’cnns)lvania, Plrila., Fa. 

Feb. 12-13-Coniputer and Data Processing 
in Industry, conference for manufacturing 
and engineering manageniciil. Purdue 
Umscrsitv, Lafayette, Ind. 

Feb. 21-22-^15th Aiimial Pacific Coast Mid- 
Winter Soaring Cliampiomliips, Torrey 
Pines Clidciport, San Diego, Cilif. 

Feb. 23.26-niitd Annual S)iiiposium on 
I’hiviiial Properties, Futdue University, 
Lafayette, Ino. Sponsor: Heat Transfet 
Division of American Society of Mechan- 
ical Engineers, 

Feb. 26-Matcli 1—1959 Eiigineciing E.sposi- 
lion, Balboa Park, Sail Diego, Calif. -Ad- 
dress inquiries to; 422 Land Title Bldg., 
San Diego, Calif. 

March 3-5-1959 Western Joint Computer 
Conference, sponsored by Institute of 
Radio En|iiiccrs. American Institute of 
Electrical Engineers and .Assn, for Com- 
puting Machinery, Fairmont Hotel, San 
F’raneisco, Calif. 

March 5-6-Fliglit Propulsion .Mecling (elat 


sified). Ii 


ical S 


...jts, Hotel Carter, Cleveland, Obi 
March 5-7-Westcm Space -Age Conference 
and Exhibit- For iiifonnatron: Domestic 
Trade Dept., Los Angeles Chamber of 
Commerce, 404 South Bixe) St., Los 
Angeles 54, Calif. 

Match 8.11-Gas Turbine Power Conference 
and Exhibit, Netherbnds-Hilton Hole!, 
Cincinnati, Ohio. Sponsor; .Amen 
cicty of Mechanical Engineers. 

(Conhiiuecl on page 6) 
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AN INTEGRATED TIMING SYSTEM FOR 
TRACKING AND CONTROL OF MISSILES 




The Hycon Eastern Integrated Timing System, when used 
as a central station timer, meets the requirements of most range 
instrumentation with one comprehensive unit. At pre-programed 
times during the shoot, time markers are supplied to recording 
instruments and switching pulses are supplied to recording and 
control instruments located in remote slave stations. 

At the heart of the Timing System is the Hycon Eastern 
Ultra Stable Oscillator with guaranteed stability of one part in 
10» and even greater stability in actual practice. A WWV Re- 
ceiver corrects for drift error of the time base oscillator over 
long time periods and a time scale is available with resolutions 
accurate to 1 microsecond 

Solar or sidereal time is displayed visually and is available 
for both input to automatic computers and as an index to data 
being recorded during the test run. Capable of operating any- 
where in the world, this system is also suited for astronomical 
measurenienis and navigation systems.Write for Bulletin TS-00- 

Tomorroti^s Timing Systems . . . Today 

HYCON EASTERN^ INC. 
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In static rocket engine testing . . . CompuDyne Control 
Systems give greater scope and more useful data 

The ability to handle severe transients and to program 
rocket engine testing on a dynamic basis has made the 
CompuDyne Rocket Fuel Control System extremely im- 
portant today. 

Oxidizers and high-energy fuels are accurately propor- 
tioned and fed to the combustion chamber under precisely 
controlled flow-pressure conditions. 

Steady-stale controllability is within close limits but, more 
important, broad programming within a single run is now 
practical. Stabilization time between programmed set points 
may be less than one second. Errors are fully predictable. 

The advantages of this complete, packaged system are 
simple enough: more data faster; more test points per run, 
more runs per day . . . and with greater accuracy. Ullage 
volume requirements are minimized and start-up is appre- 
ciably simplified, 

Similar techniques and a well-founded knowledge of cryo- 
genic materials are used to test rocket engine accessories 
such as turbo pumps, gas generators and valves. 

Complete details await your letter, wire or telephone call. 



For Test FacillUev . . . Typical CompuOync Control Systems 




Cottllmieuj tflwl Tunnel 
OyiMfiMti' Sttuviumi Lwhlli^i 






ede control services, inc. 

401 S. Warminster Road, Hatboro, Pennsylvania 


(Continued from /Mge 5) 

March 9-12— ,\viation Division Conference, 
.\merican Socictv of Mcchanicel Engi- 
neers. SlatltT-Ililton ilolcl. Los AiiBelcs. 

March lO-1 1-fhird .Annual Shock Tube 
Symposiuni, Old Point Comfort, I't. Mon- 
roe. Va. For details: .\nned Forces 
Specal Weapons Center. Kirtlaiid .\FB. 
.Albuquerque. N. M. Attn,: SAVR.S R, R, 
Birnkoff. 

March i6-20-lUh Western Metal Kstpasi- 
tion and Coiiercs.s, .American Society for 
Metals, Pail Pacific .Auditorium and .Am* 
hassador Motel. Los -Angeles. Calif. 

Match 23-25— I'light Testing Conference. 
•American Rocket Society, Daytona Plata 
Hotel, Daytona Beach. I'la. 

March 23-26— National Convention, Insti- 
hue of Radio Engineers. Coliseum and 
Waldorl-.Astotia Motel, Ncs>- York, N, Y. 

-March 25-27— I ftlh .Aimual Conference. Pa- 
lific Coast Section of the Socictr of the 
Plasties Industrv. Motel del Coronado, 
San Diego, Calif. 

March 31-Apr. 2— Pohtecliiiie Institute of 
Broukhn’s Ninth Internationa] Ssiiipo- 
Slum. Subject: Millimeter Waves, .\iidi- 
torinni, Kngincering Socictic-s Bldg.. New 
Milk, N. A. Cosponsors: Deparinieiil of 
lAefcnse Research .-Vgcncies and Institute 
of Radio Enginecri. 

March 3I-..\pr. 3— National .AeronanHc Meet- 
ing. .Socictr of .Antoniotire Engineers, 
Motel Commodore. Nerv York, N. A*. 

.\|ir. 2-3— ConfcrLOice on Irlcetricallv Kv- 
phyded AVites. sponsored hs the Thermal 
Radiation laihoratorr of the Ccnphisics 
Rest-arch lAirettoiate of the Air P'otcc, 
Canihiidgc Research Center. Somciset 
Motel, Boston, Mass. 

.Apr. 5-10-1959 Nuclear Congress, Muni- 
cipal Auditorium. Cleveland. Ohio. I-’or 
inforniation: Engineers )ojnt Cmincif. 29 
AA'est 59th St.. New York IS, N. Y. 

Apt. 7-10—1959 AA'tIding Show and -fOtli 
Aniinal Conr*enlion, .Anieiican AA'eldiiig 
-Suuely. Interieituinal Amphitheatre and 
Motel Shennan, Chicago. 111. 

Apr. 12-19- Air l-otce .Assu's AA orld Con- 
gress Flight- I.as A'egas. Nev 

.Apr. 18-22— Animal Aleeting. .American So- 
cieir of 'Fool Irngincers. &htocder Motel. 
Alilwauket, Wis. 

-Ajii. 21-22— Spring Technical CoiiftTenicc on 
Eleetronie lAat.i Prncessiiie, Cinciiniati 
.Section of the Institute of Radio I'lngi- 
iiei-rs, Eiigiutetiiig Society Bldg.. Ciiiein- 
luti. Ohio. 

-Apr. 22-24—1959 .Animal Aleeting, Instilnic 
of Fnuiomneaital Engineers. laiSalle Mo- 
tel. Chicago. 111. 

Apt. 30-Mas 1— Ciintrollahle Satellites Con- 
ference, .Aniericau Rocket Soeietv. Massa- 
elinsetts Institute of Technoliigs. Cam- 

Mas 4-6— National .Aeronautical F.lectronics 
Conference. Institute of Radio Engiucers. 
Biltmore Motel. Davton. Ohio, 

May 4-7— F'lfth .Animal Flight Test Instm- 
nientatioii Srmposimn, sponsored bv the 
Instrinnent Societs of -Aincrica. Seattle 
Section, Olsmpic Mold, Seattle, AA'ash. 

May 5-7— Spring Meeting, International Sci- 
entific Radio Union, AA’jilard Motel, 
AA'ashington, D. C. 

June 12-21— 25:d French .Air Show. Lc Bonr- 
get. Pans, France. 
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New 

NASHVILLE Division 


Structures for tomorrow’s 
aircraft and missiles 


To make ready for the future, Avco 
Manufacturing Corporation has created 
a new division at its Nashville plant 
devoted to design, development and 
production of aircraft and missile 
structures and ussemblies. 


Aveo’s new Nashville Division (formerly 
a part of the Crosley Division) lioasts 
on enviable 17-year record of building 
components for .some of the country's 
most important airciuft, imiuding 
the B-52, B-47 and B-36. 


Today it produces components for 
these aircraft: 


Cont'nir SSO jcl airliner — horiionlat and 
vertical stabilizer; icing lip, leading 
and trailing eiiges and flaps. 

C-130 n ercules transport — complete 
empennage. 

F-102 Della Dagger — wing trailing edge. 
F9F Cougar — horizontal stabilizer, 
flaperons and flapereltes. 

Looking alicad. the Nashville Division 
lias prepared itself to contribute to Iho 
Mach 3 aircraft and Mach 10 inis.siles 
soon will go into production 
part of the nation’s defense effort. 
The Nashville Division’s skilled 
personnel have dcmoiistialed their 
know-how in producing Avconib, 
ontoured stainless steel honeycomb 
panels. They long ago proved 
themselves in the inoductiou 
aluminum honeycomb 
structures, and other advanced 
manufacturing tecluiiques, sucli as 
metal bonding and chemical milling. 


^■^'‘’/Nashville 


Aveo/NashvlUe: 

provan . . . raady tor tomorrow 

For further inforniation, write: 

General Marketing Manager — Structures, 
Nashville Division, Avco Manufacturing 
Corporation, Nashville, Tennessee. 






Aircraft and 


Barber-Col-man Company 

Depl. B, 1422 Rock Street, Rockford, Illinois 


Missile Accessories 


If it’s Barber-Coiman, it’s better 


designed for precision applications. 

new SYLC actuator meets tlie most exacting 

specifications on every count 


Indicative of the Barber-Colman ability to build aircraft and 
missile controls that meet extreme requirements is this special, 
lightweight SYLC linear actuator. Designed for a high-speed 
jet fighter elevator trim application, it passes these specifications: 

• Servo mode response rate 

• Low backlash — less than .005" 

• Small differential hall detent dutch (90 lb carry — 110 lb full slip) 

• Less than 40 milliseconds' stopping time 

• Position indication — .002" resolution 

• Ambient temperature range -65=F to +275“F 

• Travel limit and centering switches 

• Nonjamming positive stops 

• Radio noise filter 

• Thermal overload protection 

• Weight 3.4 pounds 


The Barber-Colman line of compact SYLC 
linear actuators is designed to handle loads 
in excess of 150 pounds and withstand 20 G 
vibration. They feature low backlash and 
high positioning accuracy . . . optional radio 
noise filter . . . adjustable limit switches . . . 
optional centering switches . . . permanent 
magnet d-c, split-series d-c, or 400 cycle a-c 


drive motors . . . dynamic braking and thermai 
overload protection if desired. For informa- 
tion on use of these actuators on your appli- 
cations, call the Barber-Colman engineering 
sales office nearest you: Los Angeles. Seattle, 
New York, Boston, Baltimore, Fort Worth, 
Montreal, Rockford, or write direct to address 
below for literature. 


AIR VALVES — A wid. varitty sf .leclnc.lly and pnau. 
matically aperated air velvet far temperature and preisure- 

eutomelie drain lypet. 


ACTUATORS — Re 


TRANSDUCERS AND 
THERMOSTATS — Ui 

turei. CEDAC syitem 










Boron and Its Effects 
in Alloy Steels 


Boron is a nonmctalic clcinent of 
which this countrj- has a plentiful 
supply. In its natural or unprocessed 
state it occurs only in combination, 
as in borax, etc. Pure boron is a 
gray, extremely hard solid with a 
melting point in excess of 4000 deg F. 

This element is used in steel for 
one purpose only — to increase hard- 
enability; that is, to increase the 
depth to which the steel will harden 
when quenched. Its effective use is 
limited to sections whose size and 
shape permit of liquid quenching. 
Only a few thousandths of 1 pet is 
ordinarily added, and boron steels 
are evaluated by increased hardena- 
bility rather than chemical content. 
Aiuiniberofalloys, including several 
grades of ferroboron, are available 
for adding boron to steel. 

Boron intensifies the hardenabil- 
ity characteristics of other elements 
pre.sent in the steel. It makes pos- 
sible a considerable degree of alloy 
conservation when used with steels 
containing small amounts of alloy- 
ing elements. However, since it 
readily oxidizes at high tempera- 
tures, some steelmakers prefer a 
melt with relatively low boron con- 
tent and relatively high contents 
of other elements that protect the 
boron from oxidation. 

It should be noted that boron is 
very effective when used with low- 
carbon alloy steels; but its effect 


is reduced as the carbon increases. 
When the carbon content is above 
0.60 pet, the use of boron is not 
.suggested, the exception being the 
"case” in those steels that are car- 
burized. 

Boron steels often require closer 
temperature control in heat-treat- 
ment than do some of the other 
alloy analyses; but aside from this 
they present no special problems. 
Their cold- and hot-working pro])- 
crtics are considered at least equal 
to those of ordinary alloy steels. In 
cases where boron makes possible 
a lower alloy content, improved ma- 
chinability frequently results. 

If you would like to know more 
alrout boron and its effects in alloy 
steels, you are invited to con- 
sult with Bethlehem's metallurgical 
staff. Our technicians will gladly 
give you all the information you 
need, and will work closely with you 
in every respect. Anti when it is time 
to replenish supplies of steel, re- 
member that Bethlehem manufac- 
tures the full range of AISI standard 
alloy grades, as well as special- 
analysis steels anti all carbon grades. 


BETHLEHEM STEEL COMPANY 



BETHLEHEM STEEL 
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For temperatures of — 300F and below! 



Sola-Flex'joints provide safe, easy 
handling of liquid missile fuels 


LIQUID OXYGEN, used in Convair’s Adoj 
ICBM, requires the very best handling 
know-how— and equipment. These rugged 
Sola-Flex expansion joints ate in use on 
Convair’s fuel test facility at San Diego. 
California. Made from 321 stainless, the 
6 in. double-end anchor-base unit handles 
over 5 in. of a.xial movement in a LOX 

Solar manufactures the most compre- 
hensive line of bellows and expansion joints 
in the world. They ate made from a wide 
variety of stainless and high alloys for 
important nuclear, missile and industrial 
applications — in sizes ranging from H in. 


to 35 ft in diameter. They are built for 
service from — 320F to 1200E And they 
tame "hard-to-h.andle" pressures up to 
3500 psi for special applications. 

A new pamphlet describes Solar’s com- 
plete line of expansion joints. Write for it 
to Dept. F-I18, Solar Aircraft Company, 
San Diego 12, California, 


SOLAR 




. . .With costly airplanes and missiles, the desc< 
iTOFi.ARE (automatic flare control system) lakes ovei 
rspeeds as great as 250 knots . . . makes safe zero-zei 
)TOKLARE requires no data links or radio commands 


getting 

back 

is important, too... 


just as important as the flight, .\ulonetics’ all-weather 
r at sinking rates as high as 100 feet per second and 
landings truly automatic. Knlircly self-contained, 


AUTOFLARE— adaptable to a variety of manned or unmanned airframes containing autopilots— has been 
proven by more than 1000 successful AUTOFLARE-controlled landings of jet fighters and supersonic missiles. 

Autonetics 

A DIVISION OF NORTH 
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Stratopower 
can’t afford 
to stay in step- 
We have 
to stay ahead... 
years ahead 
in hydraulic 

development 


STRATOPOWER keeps years ahead in hydraulic develop- 
ment by advanced theorizing, advanced research and testing 
...and with the most advanced precision production facilities 
in the world. Here, for example, is a STRATOPOWER 
Hydraulic Package being built for a new missile project . . . 
calling for "yqars ahead" hydraulic technology. 

STRATOPOWER Hydraulic Packages and Systems are 
perfect examples of being "made for each other." They con- 
tain everything you need, including specified performance. 
Reservoirs, accumulators, valves, pumps, motors and even 
plumbing, are all mated into a smoothly functioning unit. 

The heart of these Packages and Systems is the constant 
or variable displacement STRATOPOWER Hydraulic Pump. 


Models are av.iilable to operate dependably up to 450“ F., 
and at exceptionally high speeds. 

The adv.ineed designs of STRATOPOWER Hydraulic 
Pumps are made practical by precision manufacturing that 
makes watchmakers’ standards seem clumsy by comparison. 
50 millionths of an inch are tolerances fotiod in production 
models. Specify STRATOPOWER Pumps, Motors, Packages 
or Systems, and you. yourself, take a giant step ahead of 
the competition. 

WRITE TODAY: See how your hydraulic power opplicolion is 
best fu/fil/ed fay STRATOPOWER Hydraulic Pumps. Packages 
and Systems . . . it's a step in the right direction/ 


WATERTOWN 

THE HEW YORK AIR BRItKE COMPftNY/ ’^ 
STARBIiCK AVEHUE • WATERTOWN • N. T. \IJ/ 
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The AAE Water Squeezer. 

the most thoroughly tssied, most widely used 
ground-based broking system 


All American’s water squeezer arresting engine 
is the most thoroughly tested, most widely used 
runway absorber in the world. As the basic unit 
of ground-based braking systems installed to 
eliminate airport overrun accidents, the engine 
has the simplicity, reliability and consistency of 


operation needed to insure the highest degree of 
runway safety. 

Regardless of the method of aircraft engagement 
— barrier or tail hook— All Ameriean’s water 
squeezer engine assures trouble-free, dependable 
all-weather service. 


For juriher tleiails vi rile 


ME 


ENGINEERING COMPANY 

RESEARCH • DESIGN ■ MANUEACTURE 



This little lip 
makes a big difference! 


The turned-in lip at each end of Torrington Needle Bearings positively 
retains the trunnion - end rollers and makes the bearing truly a complete 
unit, with no possibility of roller fall-out. 

This unit construction simplifies installation and servicing. The closely 
controlled clearance and the large area between cup Ups and shaft form 
an effective labyrinth seal. Also this retaining lip allows pregreasing the 
bearing with the proper lubricant for each application. 

Long experience with the Torrington Needle Bearing in thousands of 
applications has proved the merit of this and other features in efficient 
performance and long service life. Make sure your product benefits from 
the best that experience has to olTcr-spccify Torrington Needle Bearings. 
The Torrington Company, Torrington, Conn.— and South Bend 21, Ind. 


TORRINGTON BEARINGS 

Dlslrier Offices and Distribulors in Principal Cities of United States and Canada 


lEEDlE • SPHERICAL ROLLER. • TAPERED ROLLER • CUIHDRICAL ROLLER • NEEDLE ROI 


BALI • THR 




AiRcscarcli Avialioji Sc*rv*icc lia** l>een selcctrd to 
convcri a larfso mcin))or of Convair 2UH for Frotl- 
erick B. Ayer & A^isorinlcs, worliJ-wiiJe aircraft 
dealer, into Executive Aycr-Liiicr.«. tlic firM pres- 
siiriaed aircraft ever offered to llie corporate 
market at a realiatic [irice. 

Custom interiors, like the dcnioiislralor sliuwii 
above now on a nation-wide lour, are designed by 
.^iReseareb cnjiineerini; specialists and interior 
stylists to tncct individual com pan v rct(uirements. 
AiRcsearcIi conversion has increased the ranfte of 
this superior business aircraft .Id percent over tlie 
commercial model and has increased the ^ross 
weight. Outer wing panel fuel tanks Ufsiire vou 
one-stop, coast-to-coasl flights with iiinple fuel 


reserve for instrumont weather. 

Other modificalions include installation of 
auxiliary power units, new instriimcnlacion, new 
elcclriral. hydraulic and pneumatic systems, phis 
radar and iiulo-pilol c optional) - These improve- 
menis. exterior painting and rclicensing of the 
aircraft are done liy AiKescarcIi specialists meet- 
ing all CA.A regulations. 

-\iKcscarcli Aviation Service lias performed 
more cxecniixc iiiodiKcalioii programs on Con- 
lair 2-lds. 34ds and bids than any other ronipanv. 
^mi arc invited to ins|iecl our more than 150.IH)0 
stpiare feet of floor space representing the finest 
l onvrision. iiiodilicalion and servicing fatalities 
available. Free brochure mailed on request. 


fliResearch Aviation Service Division 

tnlernolio/iel Alraorf, Lss Angeles, Calif. • Telephone; Otegon 8-6161 


Ciound Support • Csnversien and Msdifltolle 


Sia, EleUronici • Airline Servlet • Tvrn-Artund Servlet 



CtfMMUNICATiONS - 
NAVIGATION AIDS^ ^ ' 
- IDEN-gi^ATION 


LMED- M & TC Systems will control the counterpunch ! 


effective 

Integrating 



T^vgress h Our Most Important T^orfust 

GENERAL® ELECTRIC 


A DEPARTMENT IN THE DEFENSE 


Y EteCTRONICS DEPARTMENT 


ELECTRONICS DIVISION 
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CuU(.. is espectcd to be iibic to track space probes to a range of -tO million 
miles bs 1150 and to tour billion miles by 1962 l\\\ Dee. 15, p. 28). Tlie 
85-ft. radio telescope is momited 110 ft. above gromid. Tlic station svas buHt, 


75,693 copies of this is 
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PROPERTIES OF 
Z.ZOKTWEZaHT MAONESITTM 

offer advantages to 
missile men 


Most engineers are aware of the ad- 
vantages available to them when they 
combine magnesium's light weight with 
its good mechanical properties at ele- 
vated temperatures up to 800^F. There 
are, however, other advantages such 
as thermal properties that are less 
well known. They, too, can be of real 
value to missile designers. In many 
cases they will open new areas in 
design previously considered dosed 
to magne.sium. 

Let’s consider one of these, mag- 
nesium's high specihe heat and its 
relationship to missiles. This can mean 
lower temperatures for given flight 
conditions. As a result magnesium 
can be used under very severe flight 
conditions for short time applications. 
(See Fig. 2.) This pemiils the use of 
magnesium in high speed missiles 
which are exposed te heat generating 
atmosphere for only a matter of a few 


seconds. With magnesium acting as a 
heat sink it can result in reducing 
environmental temperature for elec- 
tronic instruments. 


thorium alloys)-; 


Magnesium offers other thermal prop- 
erties that are of value in aircraft 
and missile design. For example, the 
thermal diffusiviiy of magnesium- 
I Thermal conductivity | 

) Specific heat X density? 
is high and remains fairly constant 
over a large temperature spread. 
Between 68” and 900"F. the thermal 
diffusiviiy of these alloys is in the 
range of 0.57 and 0.75 cm.^/sec. 
(2.2 and 2.9 ft.Vhr.) 


For more complete data send for 
Bulletin 141-187 "Magnesium Alloys 
for Elevated Temperature Use." Con- 
tact your nearest Dow Sales Office or 
write to the dow chemical com- 
pany, Midland. Michigan, Depart- 
ment 1300X2-2. 



THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN 


EDITORIAL 


The Familiar Mixture 


The Fiscal 1960 defense budget is the familiar mix- 
ture found in similar budgets of the past four years. It 
is not adequate to meet the current and future defense 
requirements of this nation nor adequate to regain or 
maintain a clear cut margin of significant superiority in 
the technological race with the Soviet Union. Neither is 
it a drastic attempt to reduce our present defense pos- 
ture by affecting large and critical economics through 
forced reductions or weapons production curtailment. 

As usual, there is a somewhat pathetic attempt to 
substitute bold ringing phrases in the budget message 
for the vital dollars and priorities in the budget itself. 
For example, the budget cheerfully notes that more 
B-58 supersonic bombers will be purchased iu Fiscal 
I960 than in 1959. This, of course, is true, but the 
actual figure is an increase of only four from the 36 
B-58s programmed for Fiscal 1959 to 40 for the next 
fiscal year. This stretchout of the B-58 production 
program is typical of how fiscal policies can vitiate 
technical capability. By the time the B-58 begins to 
read) a true operational capability with Strategic Air 
Command under a less than four-a-month production 
program, it will be all too easy and perhaps logical to 
wash it out completely on the grounds of obsolescence. 
This has been the history of ses'cral promising weapon 
systems developed in good technical time but stretched 
to death by budget maneuvers. 

Cancellation of the Regulus II Navy submarine-based 
supersonic missile is another good example of this false 
economy that looks neat and tidy on a balance sheet 
but actually cuts a vital portion of our atomic delivery 
capability. The Regulus II would have provided the 
Navy with an operational submarine-based atomic dc- 
liverv capabilitv in the immediate future. It has been 
canceled presumably because Polaris is just around the 
comer. Polaris is coming along well, but it is far from 
just around the corner. In the intet\'cniiig years, tlic 
U.S. loses a type of operational capability for its strategic 
deterrent force that offers mobility and dispersal. 

Another interesting point to note in passing is tlic 
way facts that are subject to vigorous official denials in 
previous years inevitably leak out in the budgets of fol- 
lowing vears. In early 1957 we wrote that tire Fiscal 
1958 Air Force budget rvas a fraud because it promised 
to support a 12S-wing structure when actually it was 
capable of handling only 120 wings at the time and 
would force a reduction below 110 wings within two 
years. This was vehemently denied by responsible offi- 
cials including Mr. Donald' Quarles, then Secretary of 
the Air Force and now Deputy Secretary of Defense. 
Tables published with the Fiscal I960 budget show the 
Air Force reduced to 102 wings. 

Tlie twisting of the fact that the first Atlas ICBMs 
will be delivered to Strategic Air Command before July 
into an impression that this nation will have an opera- 
tional ICBM capability of any significance during this 
year is another example of how official weasel wording 
and innuendo combine to lure the .\mctican public into 
a false sense of complacency. The total .Atlas produc- 
tion program scheduled for Strategic Air Command is 
ridiculously small in terms of real deterrent force. The 
Titan ICBM is at least a year behind the Atlas in dcs el- 


opment and has yet to make its first successful test flight. 

The decision to abandon all manned interceptors for 
air defense purposes contained in the Fiscal 1960 budget 
is another policy that will rise to haunt its progenitors 
if a test of military strength comes during the next five 
years. Defensive missile capability, including both the 
Army Nike Hercules and USAF Bomarc, is certainlv 
improving over ranges under 300 mi. But both for 
reliability standards, which missiles are tar from achiev- 
ing, and the ranges at which an enemy attack must begin 
to be whittled away, only mauiicd interceptors will be 
able to do the job. To completely abandon this capabil- 
ity for the future is a grave error. 

The budget also tells us that procurement of the Thor 
and Jupiter IRBM will cease in 1960, leaving us with 
an operational capacity of five Thor squadrons and three 
Jupiter squadrons deployed in England, Italy, Alaska 
and possibly Greece. This capability is sufficient to 
make the areas involved prime enemy targets but not 
sufficient to add a significant force to our over-all strategic 
deterrent. In fact, the land-based IRBM program could 
well become a prime example of how vast sums of 
money can be hastily spent without achieving any sig- 
nificant new military capability. 

Another bookkeeping trick designed to cloak the true 
state of affairs is the new budget account for research 
and development which lumps all development and 
testing facility and operational money in with the re- 
search and development funds to make a grandiose total 
of $3 billion. Probably less than 10% of this total is 
really being earmarked for basic research and state-of-the- 
art advances not tied to specific weapon system develop- 
ment. 'The research and development effort has actually 
been losing ground despite what looks like an increasing 
budget because the real research funds have remained 
almost constant in the face of a tremendously increasing 
requirement while the budget picture has been rosied by 
these accounting tricks. 

Major bright spot in the budget is the emphasis finally 
being |>laeed cm space exploration with a total of 5800 
million allocated for this purpose for the National Aero- 
nautics and Space Administration and the Defense De- 
partment's Advanced Researcli Projects Agenev'. WHiy 
this space exploration effort continues to be split by 
an artificial militarv-civil distinction is a question not 
yet satisfactorily explained. There is already the fer- 
ment of a bitter congressional debate over the Fiscal 
1960 defense budget. \Vc doubt if anybody will seriously 
make much of a case for it being really adequate to 
meet the niilitarv problems of the future. Its defenders 
will probably rciy on the twin fantasies that vve really 
face iBO thrMt from the Soviet Union because their 
scientific, military and economic advances are pure 
fiction and that wc really “can't afford" what is neces- 
sary to ensure our survival as a nation. 

But mere debate over the size of the Fiscal 1960 de- 
fense budget will not solve the basic problem facing 
this nation. Nothing less than an aroused and dynamic 
official leadership willing to grasp the challenge of the 
future rather than simply preserve the aura of the past 
is necessary to alter our present course of a|Mthctic drift 
into decline. -Robert Hotz 




THE F-105-0 FLIGHT SIMULATOR- BEING 
HUMAN ENGINEERED, DESIGNED AND 
BUILT BY ERCO PROVIDES COMPLETE, RELIABLE. 
EFFECTIVE TRAINING 
FOR THE ENTIRE MISSION PROFILE OF 
THE LATEST AIR FORCE 
ADVERSE WEATHER AIRCRAFT. 


EPCOTRAINING TO FILL THE SUIT . .TO KAN THE PLANE 


FEATURES 

Aulomalic Self*Ch«cliing System louiaHopticol} 
provides component Failure indicolion by geneiol 


55 of 95% utilization. 




Mon*Mochine Task Anoiysis Design — maximum 
learning Ironsfer for both operotor and Instructor, 
Erco's manpower — facilities — capobililles ond mission 
troining experience Itelp the Air Force "to fill the 


FOR ILLUSTRATED F-I05-D MISSION TRAINING BROCHURE. 


NUCLEAR PRODUCTS -CBCO. DIVISION OP 
QCr INDUSTRIES INC BIVERDALE. MARYLAND 


WHO'S WHERE 


In the Front Office 

Di- Beinhaid H. Gocthcrt, a director, 
<\RO, Inc., TuIIalioma. Tcnn. Hr, Goctlicrt 
is chief of the engine test facilih- at ,\nioid 
F.nginecTing Development Center. 

Thomas V. Jones, .senior sicc pa-sident of 
Northrop Aircraft. Inc., Bcvcrlv Hill', Calif., 
elected a director; the hoard's anthoriyed 
mcmfxTship itas been increased from 11 
to 12. 

Edmund Converse, board chainnan. Bo- 
iianu ,\ir Lines, ine. Mr. Converse con- 
timies as president. Also: Chester M. Glass, 
Jr., a director. 

Frank U. Hayes, president and general 
manager, Sperry Products, Inc.. Danbury'. 

Lewis B. Maytag, Jr. has succeeded C. A. 
Myhfc, resigned, as president of Frontier 
Airlines. Inc. Mr. Maytag continvics as 
board chairman. 

Dr. F/lward B. Doll and Dr, George E. 
Mueller, vice presidents. Space Technology 
Laboratories, Inc., Los .Angeles. Calif. Dr. 
Doll continues as program director for the 
US.AF’s -Atlas; Dr. Mueller continues as 
dircclor of STL’s Electronics Lahoratory. 

Eben H. Jones, vice president and general 
counsel, Thompson Ramo Wooldridge, Inc., 
Cleveland, Ohio. Jolia Harlan Kerr sne- 
ceeds Mr. Jones as secretary. 

Richard W. Lee, vice prcsiduit-ciiginccr- 
ing and research, and AVilliam P. Hilliard, 
vice presidenhadministration and maiuifac* 
turing. General Precision Laboratory. Inc., 
PIcasantvilIc, N. 

Dt. Lloyd T. DeVote will be corporate 
vice president and director of a iicsv Hoff- 
man Electronics Corp. division, to be known 
as the Hoffman Science Center. Santa Bar- 
bara, Calif. 

AA'altcc G. Bain, vice president, Wash- 
ington, D. C., office. Defense Eicctronic 
Prodticls, Radio Corporation of .America. 

James N. l-cn , vice president of Beech 
Aircraft Corp., Wichita, Kan., has been 
named to head all military activities. -Also: 
Mason Shehan. manager. Beech’s A\ nsh- 
ington. D. C., office. 

Honors and Elections 

Henri J, Lcsieur, general manager of the 
North, Central .American and Caribbean 
Division of Air France, has been awarded 
the French Medal of Honor of .Aernnantics 
in recognition of outstanding achievement 
in tlic field of commercial aviation on the 
North .American continent. 

First annual Louis W. Hill Space Trans- 
portation -Award has been made posthu- 
mously to Dr- Robert H. Goddard. .Ameri- 
can rocket pioneer, for "significan! contri 
bntions indicative of .American enterprise 
and ingenuity in the art and science of 
space ffiglit." 

Di- Hubertus Strughold. Adviser for Rc- 
search and Professor of Space Medicine at 
the Air Force School of .Aviation Medicine, 
has been named the I9’8 winner of the Dr. 
jolin J. Jeffries -Aviard for "his outstanding 
euntrihnilons in space and aviation medicine 
research." 

(ContiiiuecJ on pigc 95) 


INDUSTRY OBSERVER 

► T'lioiiipson Ramo Wooldridge’s Tapeo activity in Cleveland, Ohio, and 
Pratt & Wliitncy Division of United Aircraft Corp. have study contracts 
for development of a movable noz/.lc thrust vector control system for Air 
Force’s Xlinuteman solid-propellant ICBM- At least five full duration 
firings will be required for preliniinary nozzle prov ing. 

► Solid fuel gas source for the Mimiteman’s auxiliary power supply is being 
dcvclo]}cd under US.AF contract bv Standard Oil Co. of Indiana’s Research 
and Development Laboratory. 

► .Anti-ballistic missile defense feasibility study contracts will be awarded 
bv .Air Force to seven compiinics. including Boeing. Convair, Lockheed. Gen- 
eral Electric. General Mills Mechanical Division and Radio Corp. of 
America. If results are encouraging, .Air I'orce may abandon plans to 
dcvclo]) new airborne carlv naming and control aircraft and use latter funds 
for new auti-ICBM development program. Air Eorce last week notified 
bidders tor AEWdrC airplane program that decision on choice of contractor 
would !>c deferred at least sixty days. 

► Recent postponement of the planned initial launch of the Locklieed- 
managed Project Discoverer from Vandenbeig Ara, Calif., was caused by 
an explosion in the second stage which destroyed the intcr-stage structure 
plus some guidance equipment in the top of the Douglas Tliot booster. 
Fortunatelv, Thor liad not been fueled, but ted fuming nitric acid oxidant 
for the second stage Bell Ilusllcr engine flowed into it and caused damage 
fartlicr aft in the booster. Vehicle has been returned to Douglas for repair. 

► General F.lcctric J95 engine is scheduled to be selected for Nortli American 
Aviation’s Mach 5 B-70 bomber and F’-IOS interceptor although the formal 
decision between it and Pratt & WTiitney’s J58 won't be announced until 
approximatelv F'cb. 1 >. J95 was designed specific.ijly for these aircraft; thus 
far. is well within its development timetable, 

► Planned budget for Navn-’s Eagle long-range aii-to-air missile system 
includes about S7 million tor the first year, $8 million for the second, SIO 
million for tlie third, S14 million for tire foiirtli and about SCO million for 
the fifth, which v'-oiiid include production. Prime contractor for the sys- 
tem is Bendix Systems Division, Ann Arbor, Mich- Bendix Pacific Divi- 
sion is developing guidance and control. Gnimman will build the missile 
airframe, which probably will be funded separately, and Aerojet-General is 
favored for the engine, vvliicls also will be funded separately. Interim guid- 
ance rad.-ir in the aircraft is scheduled to be North American Autonetics 
Division’s ATQ75, the same as that used on tlic McDonnell F-JIf. Final 
radar, however, is scheduled to be a AV'estinghousc development. 

► Four different types of aithotne takeoff monitors arc being evaluated by 
Wright Air Development Cc-nter’.s ITiglit Control Laboratory whicli hopes 
to select liest dtsign for procurement by this summer. Companies whose 
takcolt monitors arc under evaluation include .Avicn, Hamilton Standard 
Division of United .Aircraft. Minneapolis-Honcywell and Sperry Gyroscope 
(.AW June 25, 1958, p- 65; July 28, p. 77 ) 

► Gcnaal Precision Laboratory has scored a brcaktlirough in inertia! guid- 
ance com|xmenfs with snccessful oi>cration of a miclear-spiii gyroscojae which 
makes use of atom’s s|>iiiiiing electrons instead of familiar rotating mass. 
Program is one of several projects sponsored by AVriglit Air lievelopmcnt 
Center’s Weapons Guidance Laboratory in an effort to achieve a major 
advance in accutaev and reliability of inertial guidance systems (AAV May 
26, 1958, p. 23.). ' 

► Designation of .Air Force’s Global Communications Supporting System 
lias iKfn changed from -J56-L to 480-L to avoid possible confusion with 
Strategic .Ait Command Control System. 465-L. 
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Specify Precision miniature ball bearings 



PredsioR-built computer gear trains must 
have uniformly low torque and minimum 
backlash; mounting surfaces for the bearings 
should be simple to manufacture, 

Barden Precision miniature-size bearings 
have the required low torque. Their low 
eccentricity and closely controlled radial play 
assure minimum backlash. Precision flanges 
provide accurate positioning surfaces and 
permit through-boring, eliminating the need 
for housing shoulders, 

Barden Precision miniature bearings are buiit 
to the same high standards of consistent 
quality as Barden's larger instrument sizes. 


Barden Precision means not only dimensional 
accuracy but performance to match the de- 
mands of the application. 

Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature, or high speed. For 
less difficult applications, the predictable per- 
formance of Barden Precision bearings can 
cut your rejection rates and teardown costs. 

Write today for your copy of Cataiog Sup- 
plement Ml which gives dimensions, per- 
formance and engineering data on Barden 
Precision ball bearings 0,D, and smaller. 
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Washuigton Roundup 


Nuclear Plane Snub 

Navy proposal to convert the Brilisli Prina'.ss suipianc 
info a subsonic nuclear powered airplane within four 
years has again been turned down by tlie Defense De- 
partment. a Joint Congressional Committee on .Momic 
fenergy was told last week. Proponents of the plan 
contend that it would provide the U.S. witli its first 
nuclear plane since it is estimated the Air Force priigiani. 
if continued at its current rate, ssill take at least five 
tears to complete. Rep. Xfclvin Price (D.-Ill.l. chair- 
man of the Research and Development Subcommittee, 
reported that tlvc proposal had been turned down after 
hearing closcd-door testimony bv Navy Scctctaiv- 'niomas 
Gates. Jr. Price said he would gladly have supported 
that progtam-or any pro^am-tiiat would get a mielear- 
povveted aircraft in tivc air. 

Earlier. Price quoted .Air Force Secretary James li. 
Douglas as testifying that a nuclear plane would lx; 
“desirable.” Price said .Ait Force testimony in gcuiTal 
indicated th.at there is a requirement for a flv-ing tesf-lxrd 
nuclear aircraft. Administration officials. Ivovvcvcr, con- 
tend tliaf no requirement has been established for sucli 
.1 test-bed. 

Space Hearings 

In a related area, the House Committee on Science 
and Astronautics will begin hciirings todav- to determine 
the progress being made in the national spaa program. 
Rep. Overton Brooks (D.-La.), committee chairman, 
savs the hearings will be primarily a review of ptogr.ims 
now under wav or planned. Brooks, however, lias asked 
for authorization to create an investigating snbaimnuttee 
with a S^OO.OOO budget to undertake an extensive ptolx; 
of all phases of science and tcclmnlcigy, 

Departmenf of Science 

On the Senate side. Sen. Hubert Mumplircv (D.- 
Mmn.) is trying to gain congrc.ssional support for his 
legislation creating a Department of Science and Tcch- 
nologv-, but, tims far, the response has not been enthu- 
siastic. Similar legislation introduced last year failed to 
reach even the heating .stage. However, the Senate 
Government Operations Committee, witli jiirisdictioiv 
over the measure, has promised hearings this session on 
“essential steps tliat should be taken now to properly 
reo^anize and coordinate the various sciena programs 
of the federal government. . - .” 

Airline Strikes 

Labor Sectefatv James F. Mitchell has thrown colei 
water on legislation sponsored by Sen. Spessard Holland 
(D.-Fla.) that would Mn airline' strikes and provide for 
compulsory arbitration of disputes. Tlic experience of 
other countries, Mitchell said, “has been that tlicy could 
no more drop government into the aihittation of a few 
private matters without government domination of manv 
other private matters than they could drop a stone in 
a poncl without raiising ripples.” 

M'hat inevitably follows from compuisety arbitration, 
Mitcliell continued, “is that government soon finds 
itself setting wage scales, fixing tlie conditions of work, 
dctemiioing hours, hearing grievances, and tlirowing its 
dictatorial weight around in other private matters. " 


.Altliongli compulsion was introduced in other coun- 
tries to end strikes, Mitcliell declared, "it did not end 
strikes, ^\^lat vou find is a constant rasii of hit-and-run 
strikes, day-long stoppages, slowdowns, etc, 'I'hcse are 
labor’s vv-.iv of protesting what tlicv tliink unfair decisions 
from government. Bv the time they arc dragged into 
aiiirt for striking, thev are not on strike. Until the next 
day. wlien it starts all over again.” 

Pat'l-erson Proposal 

Creation of a Department of Transportation with 
|iresidential cabinet status also is being proposed. W. A. 
I’attcrson, president of United .Air Lines, wants a cabinet 
|K)st created tliat would sene as a single regulatory 
authority for air, rail, bus and water transportation "with 
a sole interest in the welfare of tlie nation and its 
carriers.” He said tliat when such an otgani/ation 
materializes, "we niav realize the full potential of trans- 
porhilioii service to the .Amcriem public.” He noted 
that tlie cabinet post may not apixjar tor manv’ ye-ars 
and added, "it ccrtainlv cannot come tiirougli coiisoli- 
d.ition of existing tcgiilatoiy authorities.” 

New Cargo Emphasis 

Watch for a new emphasis on cargo and air freight 
sales bv scheduled airlines during tlie next few years 
as a result of an incrc-.ised cargo lift ca|iacitv that will be 
brought about through the introduction of turbinc- 
|)ovvercd transports. During the first full year of opera- 
tions with its Boeing 707-120 and Lockheed Elcctr.i 
fleet, .Americm .Airlines will inercisc its cargo capacity 
Ixitvveen 20 and 25%. By 1962, when the airline expects 
to complete conversion to turbojets and turboprops, cargo 
lift w ill be double the 100 million ton miles of airfreight 
handled eluting 1958. 

Boeing 707-1 20s operated by Americm liave a cargo 
compartment with a capacity of 920 cu. ft., sufficient 
space to hold 10.000 lb. of freight and mail on an average 
American flight. 

New Luggage Proposal 

Sclicdiilcd airlines last week launched a major cam- 
paign to break airport terminal bottlenecks crfatcxl by 
lireseiit check-in and baggage handling procedures. In 
a letter sent to flic Federal .Aviation .Agency. Jolin Lund- 
mark, assistant vice president of the Air Traffic Confer- 
cna, proposed a cliangc in Civil .Air Regulations that 
would permit five use of an average weight for each 
piece of checked or carry-on luggage. This, acairding 
to I.uiidmark. would eliminate present time-consuming 
and costlv procedures involving tlie recording of weiglits 
and number of pieos of Ixiggage on eiich baggage check 
and flic pre|jaration and completion of baggage manifests. 

linn, the Air Traffic Conference pro|ioscs to use an 
average weight of 2i.5 lb. for each piece of clicckcd 
baggage and an average weiglit of 12 lb. for each piece 
of earrv-on luggage. The averages were re-ached from 
extensive surveys conducted by sewcii trunkline and local 
service carriers. All baggage would still be weighed for 
txass baggage purpose's but present clerical work would 
be eliminate to help accelerate cheek-in procedures at 
airport terminals. Acairding to the A'lG study, saving 
for one major airline with the revised methods would 
amount to 5156.000 annually. —Washington staff 
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NASA Plans New Space Rocket Family 


Project Scout designed to ]»rovide low-cost means 
of orbiting payloads; USAF lias similar proposal. 


By J. S. Butz, fr. 

Washington— National Acroiniutics 

and Spiicc Adininistiatioii is awarding 
initial contracts for Project Scout un- 
ikr wliicli a new family of lligli ptt- 
forinancc solid-fuel rocket engines will 
he deselopcd to prosidc a low cost 
nieans of sending instrumented pay- 
loads ranging np to a few hicndred 
pounds into low orbits around the earth 
or to an altitude of appro\iinateh 
5.000 mi. 

This fainilv of rockets will Iw clus- 
lered and grouped together to |)to\ide 
an off-the-shelf eapicitv for constmet- 
iiig a ividc saricty of multistage \ehiclcs 
needed to send instruinenhition pack- 
ages into spaa- at mneh lower cost than 
i-an be achieve-d ssith any of the modi- 
fied militars' rocket vehicles now availa- 
ble. 

The biiilding-block qnalih- of the 
Project Scout rockets probabh indicates 
that development contracting will in- 
volve mote firms than is usual for a 
single solid-fuel rocket system. 

Projeet HETS 

•kir P’otcc also has a modular rocket 
program designated Project IIK'I'S 
illigh Kmironmental 'lest Svstem) 
which has mucii the same purpose as 
I’roject Scoot but was not fiindt'd la.st 

.kpparontly no contracts for this pro- 
gram have been let. 

Project Hl'iTS is an ontgrowtli of 
I’roject BM PS (Ballistic Missile Test 
Svston). a broad program designed first 

of testing ballistic missile equipment 
at low altitude and, cventuallv, to send 
|)av loads to the moon and beyond, 'llie 
BMPS program (AW June i6, 1958, 


Cunadair CL-41 Engine 

Canadair Ltd. will use Pratt & mit- 
iicy JTU turbojet engines on loan in 
initial testing of its CL-H jet trainer 
though no coiiiniitraeiit has been made 
for tlie use of any cngiiic- 

Fairchild J83s previonsh were ordered 
for iniltal use in the aireraft but the U. S. 
.\ir Force eanccicd the project. Canadai: 
also has discussed availabiliK of the 
Geiieiul lilectrie JS5 engine. Fiihire of 
the Canadaii trainer will depend peatly 


p. 175) included liquid as well as solid 
fuel rockets. 

Magnitude of the savings in space 
exploration costs tliat arc anticipated 
through Project Scmit was explained rc- 
antlv bv Dr Homer Joe Stenurt, di- 
rccto'r of N.kSA’s Office of Program 
Planning and Kvaliiation. Dr. Stewart 
said that it .shook! be possible to reduce 
the cost of placing one pound of jvav- 
load into orbit from the^lowest current 
figure of about SI 0.000 to approxi- 
matelv S500. 'lliis would be ac- 
complished .simply by using present 
teclinology to design rocket systems spe- 
cifically for space purposes rather than 
anploying the military rockets in in- 
terim use fodav. 

Lift Capacity 

In terms of lifting capacitv, Dr. 
Stewart said that this meant that to- 
day’s best ratio of 1.000 lb. of vehicle 
weight reauired to place one pound into 
orbit could be lowered com|5arativelv 
easily to about 40 to one. lie also be- 
lieves that a figure of 25 to one is con- 
sistent with the current state of the art. 

Dr. Stewart said that the present 
practice of constructing badiv matched, 
imdtistaged vehicles from various unre- 
lated roclct systems has been inefficient 
and expensive even though it has been 
unavoidable in getting tlic space pro- 
gram under w ay. 

Ilic ratio of 40 lb. of vehicle weight 
required to put one pound into orbit 
quoted hv Dr. Stewart applies to liquid 
fuel rockets. The value would be 
slightlv higher for the most modern 
soliil fuel svstcm.s. 

Total cost of using the solids would 
be lower than the liquid fuels in many 
cases, however, hec.iusc savings often 
can be achieved tliroiigh reduced han- 
dling and personnel teqnireniints. 
Technology available in the Luckliccd- 
N'avy Polaris missile program will aid 
the designers of the Scout scries of en- 
incs in achieving this desired per- 


Scouf Instrumentation 

Instruments sent aloft by Project 
Scout vehicles will be used primarilv 
to ■’sound" space around the exirth and, 
cvcntnally. to provide a quantitative 
understanding of the phenomena oc- 
curring in this region. 

Anotlier use will be to subject new 
space vehicle equipment to environ- 
mental tests. 


Use of the Project Scout ‘’sounding 
vehicles" will become fairlv common 
because of the' large amount of data 
needed to prccisclv map the environ- 
ment near the earth. Payload capacity 
of the Scout vehicles fits in with the 
requirements of the scientists who arc 
trying to understand tliis spiicc envi- 
ronment. h'or instance, one need is to 
send a mass spectrometer weighing 
about 200 lb, into the radiation Iwlts 
around tlie earth. Tliis instrument will 
allow them to determine what piirticks 
arc present in the belts, tlicir ener- 
gies. etc. 

New Liquid Units Planned 

N.AS.fi planning also includes the 
inmicdialc development of liquid fuel 
rocket sv-stenis that will meet the e(fi- 
ciencies possible witli present knowl- 
edge. These engines will range in |jovver 
between tliosc planned for Project 
Scout anrl the one to 1.5 million Ih. 
thrust engine that the Rocketdvnc 
Division of North American Aviation 
ha.v under development for N.fiSA. 

definite timetable bv which Proj- 
tet Scout and other improved space 
vehicle systems will lie dcvelo|)cd has 
heeii withheld liy NASA and. if the 
agency’s present policy prevails, sncli a 
timetable will not be jimounced. 
NAS.-\ officials say thev do not want 
to promise accomplishments in space 
on specific dates that thev arc not rea- 
sonably sure they can meet. Also, thev 
do not believe thev- can predict tech- 
nical devtiopments vears in adv.mce. 
Therefore, tliey are declining to state 
exactly when they believe the one mil- 
lion pound thrust engine will be readv 
to use. vvlicii it will be po.vsible to put a 
man into s|3ace or accomplish the other 
space flights that arc scheduled to 

follow, 


Swallow Research 

l.imdnii— British Minis 

s of SlinivIv 

savs an agreement is cxjieetcd to be 

re-ached soon fiii an 

iglo-.Ainerican 

joint rese-atch program on 
wirialsle-gciiinetrv principle 

the Swallow 

In a written answer to a 


question, Snjiplv Minister 


said that negotiations betw 

■cn the Minis- 

tiv, Vickers, and U.S. 

itliorilics are 

nearing coiichvsian. He 


gram wonld get some Biiti 
finance. 


loncs said it was too ca 

rlv to predict 

might be applied. 

the principle 
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Four JT12 Engines to Power Lockheed Jetstor 

cm ciigiiL l.kU' Jan. 26. p. 5i). Tohil weight, inculdiiig 1(1 |iasseagcrv! two cicnincn and fuel, will 50,680 lb. Each miginc 
weighs 430 lb,, develops J.OOO !b. thiwst. Aircraft will lie prodiieed at Marietta, Ga. 


Space Technology 

Scientists Survey Future Space Potential 


By Philip J. Klass 

Washington— Communications satel- 
lites which relay voice and television 
over intetcontiiiental distances, weather 
reconnaissance satellites which grcatlv 
improve the accuracy of long-range 
weather forecasts and militarv recon- 
naissance and early vvaniing satellites 
may jirovc tlie most significant products 
of tlie next decade’s advances in space 
technology. Perliaps the most spectac- 
ular will be the first human landing on 
the moon and immanned probes of 
nearby planets. 

House Report 

50 scientists, engineers and top indus- 
try executives wlio express their views 
of things to come in a 221-pagc staff 
report entitled ’’Tlic N’cxt 'Icn Years 
in Space," prepared by tlic House Select 
Coniniittex; on .Astronautics and Space 
I'lxploration. and released last week. 

By 1969. the U. S. could be ready 
to plunge beyond the threshold of 
.v|iace with miiiti-iiiillion pound tlimvt 
rocket engines capable of putting a 
50.000 lb. |jav!oad into low-altitude 
nrbit for satellites or being used to build 
space jilatforois, and thermonuclear and 
ckctric.il propulsion siiilahle for long- 
ranging intcrplanetarv missions. 

Bv mis pcntxl the U.S. probably will 
have m.idc a minilser of moon probes, 
including impacting of instrument pay- 
kxids on the moon. Some of the more 


optimistic hetieve that man will have 
successfully walked on lunar dust by 
1969 but the niajoritv believe this must 
await the next decade. 

Dr. Herbert York. .Assistant Seerctan 
of Defense for Research and Ikiginier- 
ing. savs that manned exploration of 
the moon crmld take place in 10 years, 
possibly ill as Few as seven if very liigh 
prioritv was placed on this goal. Tiine- 
tahlc for m.inncxl ex]3loration of Mars 
and/or A'eniis is ’’a few years after 
196S." according to Dr. A’ork. mile.ss 
a ven high prioritv program is esfab- 
lislvcd. 

Rtxmetv of manned satellites and 
tanding in a desired impact area of 
relativelv small size |irobablv will bo 
well in hand bv 196S. most observers 

^^wiietlier the U. S. will find itself in 
this position in 10 years because of 
the lack of a well-coordinated and 
adequati'lv financed ))tograni. is a ques- 
tion that disturbs many of those who 
coiitrihutcd their views. 

For example. George S. Trimble, Jr., 
vice president-engineering of 'l lie Mar- 
tin Co., savs there is little disagTcenient 
between scientists over what is tccli- 
nicallv possible. But in answer to the 
question of what the U. S. will do 
during the next decade, Trimhic fears 
that it will be “considerably less than 
vve are tecluiicallv and cconomicilly 
capable of doing— and sonicwliat less 
than the Russians (will do)." 

Unmanned satellites providing vital 


coiniminication, lucteorological and 
navigation sendees will be the “greatest 
achieTcment" of the next decade, in 
the opinion of Rear .Adni. John T. Hay- 
ward. Avsistaiit Chief of Naval Opera 
tions for Re.vearch amt Development. 

Communication tolav satellites for 
reliable long-range communications and 
intercontinental television may have 
one of the greatest effects upon the peo- 
ples of the world, iii the o|)inion of 
British physicist .Arthur C. Clarke and 
Dr. Louis C. Dunn, president of Sisaee 
reehiiology 1 aboratories. 

Television Relay Satellite 

,\ television rclav satellite cipable of 
bringing television to the micominittcd 
millions of Asia could be ’’inighlier 
than the ICBM" in the battle between 
Fast and W’est. Central, low-cost, b.it- 
terv operated television receivers in 
communities of .Asia could Iw a decisive 
factor in reaching millions of largely il- 
literate |K'oplc. Clarke says. 

I'.vcn at todav's relatively high cost 
of putting lip a satellite relay, the lat- 
ter is the-.ipcr than equivalent underseas 
telephone cable per cvclc of Isindwidtli 
and is comparable to over.scas radio 
wliich is susceptible to atmospheric 
outages. Neither cable not overseas 
radio can handle television. Dunn |)rc- 
dicts that this type satellite will have 
more dirc'ct effect on the man in the 
street tlian anv other development in 
sp.ice technology in the next deaidc. 

Mcteorologiciil satellites capable of 
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|>roviding woaHict forecasters «itli rital 
(liitii on cloud co\tr and storm forma- 
tion that is not no«’ a\ ailablc mar- revo- 
lutionize weather forecasting and more 
tlian pay their cost. Ihc petroleum in- 
dustry alone could save SlOO million a 
rear in improved inventory planning 
through reliable long-range weather 
forecasts, according to M. \\ Miirphrce. 
president of Ksso Research & Engineer- 
ing Co. When benefits to agriculture 
and other industries are considered. 
Murphrec estimated that mctcorologi- 
tal satellites could sa\c the nation ser- 
cra! Iiillion e\-ery year. 

Dr. York predicts that nietcorologic-.il 
vitcllitcs "will probably revolutionize 
the science of meteorology and weather 
prediction within the next 10 years." 

Dr. York and others predict that 
satellites equipped with radio 'radar 
beacons svill become one of the princi- 
l^tl navigation aids for ships and air- 
craft. and perhaps for spat» craft, on 
long missions. 

Ill the area of imlitatc reconnais- 
sance. Or. Y'ork predicts that satellites 
eqiti))pcd to detect ballistic missiles 
will supplement or ever) sirtiiallv re- 
place ground-based methods and should 
Ixiconie one of the keystones of our de- 
fense system. Reconnaissance satellites 
eotild nullify present adsantages of 
USSR in its abilih- to make preparations 
for military action in complete secrccw 

Consciiius of propulsion experts is 
fliat liquid and solid-propellant ebemi- 
c-.ii powerplants will coiitiuuc to serst 
as workhorses of space probes dutiiie 
next decade. 


Single eiigine.s with thmsts of 1- to 
l.vinillinn lb. sboiilcl be ac-ailable 
within fi\c years, if their dccelnpmcnt 
IS gi'cii "proper .support,” according to 
Dan ,\. Kinitxill, president of .\crojet- 
Ccncral. Clusters of u)s to 10 sncli en- 


gines, providing thrusts of 10 to 15 mil- 
lion pounds, should l>c adequate for 
space probes of the next decade. Kim- 
ball ^lid. 

Within next decade, solid-propellant 
engines capable of lifting gro.ss loads of 
mote than 10 million lb. were predicted 
by II, W, Ritchey, sice president of 
Thiukol Clieiiiieal Corp. Deschipment 
of engines capable of producing 10 to 
100 million lb. thrust "presents only 
straightfonvard problems." Riteliev said, 
Ritchey also predicted tliat both solid 
and liquid propellants with specific im- 
pulses at sea level of s25 to 575, and 
with fuel mass fraction of o\'cr 955f , 
would become available in the next 10 


High-energy liquid propellant engines 
being dcscloped for upper-stage use 
should increase vehicle payloads bv 
50%. according to Eugene Root, vice 
president and general manager of Lock- 
heed’s Missile Systems Diii.sion. Root 
said that recent declassification of 
-\tomic Enctgs Commission's Project 
Sherwood fusion-power progr.im would 
make asailable new techniques in mag- 
iietoliydrodynainics for application to 
plasma propulsion engines. 

Nuclear propulsion could be avail- 
able for operation bv 196S with "strong 
support.’! but unexpected irroblems in 
the testing and dcsclopment of fliglit 


X-15 Fliglit Date 



hardware might delay this date, accord- 
ing to George H. Stoner, general man- 
ager of Boeing's Dyiia-Soar weapon 
system program. 

Nuclear engines would permit reduc- 
tion of size, weight of space probe 
booster systems by a factor of eight to 
10. Stoner said. 

John A, McCone, chairman of the 
AEC, in a more conscrsatisc statement, 
said that with "necessary support ami 
guidance.” it should Be possible to 
"demonstrate, by full power ground 
test, a nuck-.ir rocket engine capable 
of boosting extremely large pasloads 
into spaa'.” 

Key to the future development of 
nuclear propulsion and |)o\vcrplants 
for use with ion propulsion, lies in tlic 
dcsclopment of high temperature ma- 
terials suitable for use in reactors, ion 
guns, plasma guns, cooling loops and 
radiators, according to Dr. ’1'. C- Mcrklc 
of University of California’s Radiatiuii 

Merkle added, .somewhat pessimisti- 
cally. that nuclear physics cannot be 
expected to contribute much that is 
iiesv during the coining decade. Progress 
w ill depend upon svork in high tempera- 
ture solid-state physics and chcmistir, 
he said. 

Varictr- of estimates were given for 
how much the U, S. .should spend on its 
space programs and how much it is 
likely to spend. Dr. York based his 
predictions of things to come on a SI 
billion annual expenditure plus niili- 
tarv spate weapon expenditures. Nasv 
Capt. R. C. Truax, of Defense Dep.irt- 
ment’s .Advanced Research Projects 
.•\genty, says U, S. industry has the 
capacity to eairv on space development 
prograin of over S2 billion per vear, or 
soon will base. figure of SI billion 
|)Cr year for two years, increasing to 
S-f-5 billion annually, exclusive of mili- 
tary expenditures, was used bv Dr. 
Eric Durand of .•\cfoncutroiiic Systems 

.\ccomjjlishments of the next dee.ide 
will largely depend upon the "entlui- 
.siastie support of a sigotous program bs 
the peiipfc and the leaders of this 
country.” Dt. H. Guvford Stever. associ- 
ate dean of engineering. Massachusetts 
Institute of Tcchiiologs. said. 

Letter submitting the report to House 
Committee by the staff that pre|jared 
the report, says: "-All the plan.s, pro- 
grams and projccrioiis . . - will cemnt 
for little unless the U. S. decides to 
meet this challenge with the niohiliza- 
lion of its private industry as well as 
public facilities, its resources, man- 
power, material and money, which the 
national .space effort requires. The 
indiciitioiis are the Soviet Union is ptc- 
|xired to make such commitments . . . 
The U. S. should have the help and 
paihiership of other countries of the 
fret world.” 
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Space Technology 


110 Potential Candidates Chosen 
For Man in Space Capsnle Project 


New York— The proa-ss of choosing 
this country’s first pioneer in space— 
the man who will orbit the earth in a 
space capsule as the climax of the 
Project blctcury program— has begun 
with the selection of 110 potential 
candidates from officers of the Air 
Force, Navy, and Marine Corps- 

Within the next two months, this 
group is expected to be reduced to a 
volunteer team of 12 which will begin 
a training program that will include 
both simulated and actual Right condi- 
tions that will progressively come closer 
to the conditions of orbital space flight. 
Final selection of a candidate will be 
made only when the first manned 
vehicle is ready to be orbited. 

Details of the selection and training 
ptogranv for the Mercury candidates 
were given to members of the Institute 
of the Aeronautical Sciences at their 
Honors Night Dinner last week by Dr. 
T. Keith Ciennan. administrator of 
the National Aeronautics and Spice 
Administration. 

On the basis of criteria established 
with the assistance of NASA’s Aero- 
medical Committee, headed by Dr. W- 
Randolph Lovelaa. the records of Air 
Force, Navy, and Marine Corps officers 
who have been graduated by their serv- 
ice test-pilot schools were screened to 
select the 110 potential candidates. 

Tlvc qualifications demanded of this 
group were: 

• University degree vn the physical 
sciences or in engineering. 

• Graduate of a military test pilot 
school, with a minimum of 1.500 hr. 
flight time, 

• Younger than 40 vxxirs of age. 

• Less than 5 ft. 11 in. in height. 

Beginning early this month, the astro- 
naut candidates will be called to AVash- 
ington in groups of about 50 to he 
given a fullbricriiig on Project Mcrcurv. 
NASA, Army, Navy, and Ait I'orcc 
biomedical experts will participate in 
the briefings- 

Onlv after these briefings will the 
candidates he asked if tliey will volun- 
teer. From those who sav' yes, 56 will 
be chosen for the next pha.se of the 
selection process. 15iis smaller group 
will be given a scries of intensive physi- 
cal and psychological test.s, which will 
include studies of the candidate’s ability 
to cope with the stresses of space flight 
and with the environmental and other 
biomedical aspects of flight under con- 
fined conditions over a long period of 


M'ithin two months, NAS.A expects 
the selection of the 12 man team for 
Project Mercury will be complete. This 
team will then begin training with 
assignment to the N.ASA Space Task 
Group, located at Langley Research 
Center, under the project direction of 
R. B. Gilruth. Team will receive addi- 
tional training at the Johnsville Naval 
Air Des'elopracnt Center, the Atlantic 
Missile Range, and the Air Force 
W'right Air Development Center, as 
well as at other biomedical centers in 
the United States. 

At Johnsville. the astronauts will 
undergo training in a centrifuge that 
very nearly simulates condition in a 
capsule during takeoff and re-cotrv. Tlic 
early testing period will involve balloon 
flights in Mercury capsules to familiar- 


New York— First U. S. manned nit- 
clcar-povvcrcd aircraft probably will be 
fitted with engines of approximately 
the thrust-class of airrentlv flying high- 
powered conventional gas turbines, such 
as those in the Boeing B-52 and Con- 
vair B-5S jet bombers, Maj. Gen. Don- 
ald J. Kcim, Air Force deputy chief of 
staff, development, nuclear svstems, in- 
dicated here last week. 

He said that USAF has ‘‘sequenced 
events” leading to succcs-sful flight of 
a miclcar-powcred manned aircraft, 
which calls for a higli subsonic speed 
prototype capable of serving dual func- 
tion of an engine test-bed and a vehicle 
for studying operational and tactical 
doctrines. 

Gcii. Koitn, who previously had 
pointedly rcniarkcd that the U- S. nu- 
clear aircraft program had been sub- 
jected to dclas'.s due to financial tiniid- 
iti' and scientific consenatism (.AW 
Nos-. 24, p. 27), last week said that 
he dill not bclicse that current prog- 
ress is “dangctousls- slow," although 
admitting that he did hcliesv that the 
Russians will lx; Using a nuclear-pow- 
ered aircraft soon. (Aviation M'Erx 
e.xchisisciv tc|50ttcd Dec. 1 that a Sosict 
nuclcar-powercil honibet was obsened 
fls'ing in the Moscow region last 
August.) 

Gen. Kcini indicated also that the 
US.AF |jrototvpc nuclcat-powcred air- 
plane prohabls svill be flown initially 
svith non-miclcar engines to check it 
nut aerotlvnamic.ills', using chtniic.illy 
fueled turbojets. 


ize them with some of the environ- 
mental conditions they must face. 

While the team is undergoing tliis 
training, technical teams will be test- 
ing Project Mercury capsule mockups 
in increasing degrees of complexity. 

Short-range, solid-fuel boosters will be 
used initially to launch these mockups 
into suborbital trajectories, followed by 
longer-rangc flights using more posverful 
boosters. Later in the program, animals 
svill be launched in the capsules to 
better determine the environment the 
men will experience. 

All 12 of the Project Mercury volun- 
teers will receive the same preflight 
and flight training. Only immediately 
before the first manned orbital flight 
will the final selection of the Mercurv 
astronaut be made. 

Dr. .Abe Silserstein, NASA director 
of Space Flight Development is respon- 
sible for the over-all technical direction 
of Project Mercury. I'isc program is 
being conducted with the assistance 
of the Adsunccd Research Projects 
Agenev of the Department of Defense. 


Speaking at a luncheon during the 
Insrihite of the Aeronautical Sciences’ 
27th annual meeting here. Ccn. Kcirn 
noted that to date USAF and the 
Atomic Enetgs' Commission have spent 
mote than three quarters of a billion 
dollars on the manned nuclear aircraft 
program. 

". . . For this dollar expenditure. I 
feel that we hare sufficiently investi- 
gated all of our critical problem areas 
leading toward development flight test- 
ing as the next logical step,” the gen- 
eral declared. “I am confident a prac- 
tical nuclear aircraft c.m be developed 
and adapted to militarx' operations in 

Recent progress in aircraft design 
and integrated shielding techniques 
base broiiglit over-all ssstem design 
weights and radiation damage rates 
down to the point where the U.S. can 
make use of nuclear power and star 
airborne for extended periods, lie re- 

Crew radiation dose rates arc down 
to the point where each crew c.m 
fly in .1 nuclc.ir-powcred aircraft for 
EOOO-hr. annually for many years, in- 
cluding missions of well over 100 hr, 
each. Ctcn. Kcirn added. 

He also noted that examination of 
potential hazarib associated with nu- 
elc.ir-powcrcd airaaft hare included 
analyses of accident experience with all 
U. S- cxijerimcntal jet aircraft, to study 
the additional risks that would liasc 
been iiicurtcd had these planes been 
mich-ar-powcred- 


Keirn DetaOs Nuc lear Aircraft Plans 


AVIATION 


2. 1959 






Production of 


By Evert Clark 

Detroit— Probiibilitv that tlie Army- 
Clirvslcr Jupiter intermediate ranee 
ballistic missile iriav be deplored in 
Air Korce squadrons for the next six 
years or more was suggested last week 
as Chiysler Corp. opened its Michigan 
Ordnance Missile Plant to the press 
for the first time. 

USAF now plans to deploy at least 
tlirec. and probably fiic or more. Jupi- 
ter squadrons in N.\TO countries. Two 
are expected to go to Ihily, a third to 
I'rancc and another to Tiirkcv or 

First tactical-configuration, produc- 
tion-line model of the Jupiter to be 
completely assembled by tlie Clirysier 
plant was launched from Cape Canai- 
oral, Fla., on Jan. 21, a year and 17 


AVIATION WEEK, 



DETROIT plant of Chrysler Corp. produces Jujilter missiles on parallel production lines (aboie, left). .At ri|ht, Michigan Ordnance tcclr 
nicians conduct factory tests on Jupiter nose section components. Missile leaves the plant ready for fueling and firing in tlie field. 


Jupiter Programmed for Year or Longer 


days after Chrvsler ss-as rirdcrcd into 
production of the missile. 

The 2.1 million sq. ft. plant, which 
now umplovs about 11,000, has been 
snpph ing Armi Ballistic Missile .Agcnci 
with major Jupiter components for de. 
lelopmeiit and test firings since last 
spring. .\BM.\ is now phasing out its 
own limited production of Jupiters. 

Both Armi’ and Chrysler declined to 
estimate what total Jupiter production 
mav be. but Maj. Cen. W. \A'. Diok. 
Jr.. Arinv's director of special weapons 
in the Office of the Chief of Research 
and Development, said Jupiter's life- 
time in the weapons im-entory might 
be as long as “half a dozen or a dozen 

Unless changing political and strate- 
gic requirements eliminate the need for 
IRBMs. Jupiter's future would seem to 


wca])on replaces it. Cen. Dick pointed 
out th.it cien the replacement of a 
weapons svstein now is a process that 
takes 'ears rather than mouths. 

Space Potential 

In addition to we.i|)ons. Jupiter 
boosters will be used for a numlKT of 
space missions. 

Under present |)launing. produetioii 
will continue for at least another year. 
Plant capacits’, according to Chrysler 
executi'cs. is scaer.il times the current 
production rate. 

Jupiter is produced side-bv.side with 
its predecc-ssor, the 200-nii.-range Red- 
stone, in Sterling Township. Mich.. 20 
mi. northeast of Detroit ptO|>er. Tlie 
plant was built in lQil-72 to produce 
the Navy.Pwtt &' Whitnev J4S engine 


hilt the project was ranceled liefotc 
Chrysler production began. Brick and 
mortar costs then was SiS million; 
tooling and installation costs totaled 
SlOO inmioii. 

Clmsler’s participation in the mis- 
sile fitld-whicli now totals more than 
S-ISO million in engineering, deiclop- 
ment and production of Redstone, 
Jupiter and ground snjiport equipment— 
iwg.in in October. 19^2. after Army 
asked the “Big Three" automobile 
manufacturers if they vicre interested 
in producing the Redstone. 

At that time. Chrysler sent a con- 
tingent of 26 engineers to Huntsville, 
Ala., for training by Army scientists 
and engineers. Chrysler contingent 
there now nnmbcrs almost 1,100. 

First components and fabrication con- 
tract for Redstone came in December. 
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1953. In June of 1935. Cliryslcr was 
given other contrdctii to supply com- 
plete missiles, to fabricate ana assemble 
ground support c-quipment and to pro- 
vide engineering services. This was con- 
solidated into a single Redstone contract 
in December, 1955. W^otk included 
original design and development of the 
stainless steel nose cone. 

Entry into intermediate range mis- 
sile work Imgan when Chrvslcr did both 
studies and extensive engineering de- 
vclopinent work on a fleet ballistic mis- 
sile system for the Navy. 

At that time, the same IRBM was 
planned for both Naw fleet and .^tmy 
kind use. 

First Army contract for engineering 
and development work on Jupiter came 
in June, 1936, after Navy had switched 
to the solid fuel concept for its fleet 
ballistic missile. Whereas the Redstone 
work had been largely a production job. 
Chrysler now played a role in develop- 
ment and engineering of the Jupiter 
from the beginning. 

Contract for fabrication of major 
Jupiter components was awarded in 
.August, 1937. Orders for production of 
completed jupiters. production of some 
30 of the 225 ground support items 
needed by Jupiter and partial resironsi- 
bilitv for 100 others and for a logistics 
support program followed late in 1937 
and carlv in 1958. Tlie.se orders came 
after the Defense Department decided 
to order both Jupiter and the Dnu|]as 
•I'hor IRBM for deployment by the 


Missile Group 

Missile production group was given 
full divisional statu.s within the corpo- 
ration in Jamiary. 1958. Plant is an 
integrated operation. Ground support 
equipiiicnt components are installed in 
govcrnnient-furiTished trailers a few feet 
from the missile production lines. 

Chief contribution that Chrvslcr. as 
an auto maker, ha.s been able to make 
ill missile production, according to its 
executives, is a very high degree of re- 
liability based upon tight industrial and 
manufacturing controls, with the result 
that the missile leaves the plant ready 
for fueling and firing in the field. 

Checkout facilitv at the end of the 
asscmblv line flight tests each missile 
electronically. Simulated flight is moni- 
tored at simulated dovvnnmgc tclcmctrv 
stations, one for Redstone and one for 
Jupiter. 

llirust, fuel and warhcad-controJ 
units of flic 63-ft.. 70-in.-diameter Red- 
stone are interchangeable. Tlic same is 
true of Jupiter's engines, boosters and 
warhead-control units, Jupiter is 60 ft. 
long, 105 in. in diameter; weighs 10,000 
lb. empty and 110,000 lb. fueled and 
ready for firing. 

Tolerance for alignincnt of a Jupiter 
engine with the skin is .0001 of an inch. 


Other mating tolerances of .002 and 
.003 of an inch achieved in production 
-arc maintained during shipment. 

Examples cited by Chrysler as engi- 
neering improvements made in one year 
on Jupiter were upgrading of tlie life 


of j relay from an average of 380.000 
cycles to a minimum life of more than 
one million cycles; an improvement of 
fueling and loxing valves so that the 
missile can now be fiillv loaded with its 
propellants in two minutes. 
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Senate Unit to View Space Statns 


By Ford Eastman 

Washington— Senate hearings to eval- 
uate conflicting claiins as to where the 
U.S. stands vis-a-vis the Soviet Union 
in military and spice capabilities, and 
whether the planned rate of progress 
is adequate to achieve suptemaev in 
these fields, got under wav late last 
vveek- 

The investigation is being conducted 
jointly by the Senate Preparedness Sub- 
committee and the Committee on Aero- 
nautical and Space Sciences, both 
headed by Sen. Lyndon B. Johnson 
(D.-Tcx.). Johnson, Senate majoritv 
leader, said the goal of the committees 
is to give tlic American people a forth- 
right answer to tlio question— "W'here 
does this nation stand in these areas?" 

A major part of the controversy de- 
veloping between congressional le.idcts 
and tlic .administration centers around 
vvhctlier Russia is leading the U.S. in 
the ballistic missile field, and, if so, by 
liow much. Contributing causes to the 
confusion include; 

• 3'ice President Ricliard Nixon vv-as 

a ;;otcd in several newspapers as savi;ig 
1C U.S. is ahead of Russia in ballistic 
missiles and that, while behind in the 
over-all missile nice, it is closing the gap 
at a fairlv rapid pace. Liter, "friends " 
of Nixon were quoted a.s sayiitg that the 
\'icc President was misquoted (AM' Jan. 
19, p. 251. 

• Defense Secretary Neil II. McF.lrov 
Siiid at a recent press conference lliat 
he docs not think the Soviet Union h;is 
an intercontinental ballistic inisvik- op- 
er.itional at this time and that tlie>e is 
no positive aidence that it will have 
initial operational caiiabilitv on tlic 
ICBM earlier than the U. S. 

• Sen. Stuart Symington (D.-Mo.) for- 
mer Air Force Secretary, said: '"i'hcrc 
seems to he a continuing effort on tlie 
part of liigh officials in this .^dminisfra- 
tiem to lull the people into a state of 
complacency not justified In the facts.” 
lie said that bv the end of 1961 the 
Russians will have mote than four 
times as many operational ICBMs as 
the U.S. 

• Soviet Prenticr Nikita Klmishchcv, in 
a speccli before the 21st ComnumisI 
Parts Congress in Moscow last week, 
announced that Russia is now produc- 


ing ICBMs on a production-hiie basis 
and that success in launching its recent 
lunar probe proved that the USSR can 
launch rockets accurately to any point 

♦"s^^ Francis Case (R.-S. D.) said the 
U. S. relative position of strength in 
the missile field is not to be determined 
by a comparison of progress on one 
particular missile but should be judged 
on an over-all basis, including considera- 
tion of all ty-K'S of missiles and the 
deterrent capabilities of medium and 
hcaw jet bombere. 

Oise generally reflects the Adminis- 
tration attitude toward national defense 
and .space progra;ns in its attempt to 
keep a balanced budget for Fiscal 1960 
and hold defense spending to 1939 
levels. .Administration officials and Re- 
inibiican members of Congress rcadilv 
admit that the U.S. is behind Russia 
in certain individual areas but content 
that it is leading and on an over-all 
basis in both defense and space. 

Symington took issue vvith the Ad- 
ministration stand on the importance 
of the ICBNf and also charged that ade- 
quate defense for the nation requires 
more money than estimated in tlic 
President’s budget for Fiscal 1960. De- 
fense expenditures arc estimated at 
S-10.9 billion, or about the same level as 
diiriiig the current fiscal vear, 

Symington, in alluding to the foiit- 
to-onc ICBNI lead intelligence reports 
indicate the Soviets will have in 1961, 
said he believes these figures actually 
imderestiinatc the Soviet long-range 
missile advantage now andajver the next 

Earlier, at a hearing of tlie linnse De- 
fense .Appropriations Subcommittee, 
which also is scrutinizing the U. S. de- 
fense posture, McElrov said two basic 
principles were followed in developing 
the Fiscal 1960 weapons piogram. 

One. is where a ptogia;n is consid- 
ered essential. In such cases, the rate 
of development has been inainFaiiied 
and. where advis;ib]e teclinologicalK. 
advanced, llic otlier is where a pro- 
gram. in view of the current state of 
the art, is of lesser iniportancc or Inis 
been overtaken by events. In these 
eases, the level cif effort has been re- 
duced or the project elinrinated en- 
tirely. 
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Ryan Vertiplane Flies at- Moffett Field 

Rvaii Vcrtiplaiie \TOL rescarcl; aircraft, wlitcti lias cmiiiilctcd first coiivcrrtional flight tests (.AAV Ian. 26, p. 35) at Moffett Field, 
C^tif., is powered by Lycoming 133 gas turbine engine rated at 83U eslip. Engine, mounted in fuselage, turm two tliree-bladed propellctv 

landing. Once' in the air, flaps are retracted and A'ertipbnc operates in nonnal flight attitude. Aircraft is 27 ft. long. S ft. high and has 
wing span of 23 ft; gross weight is 2.600 lb. 


Nortlirop Weiglis N-156F License 


New York— Northrop Corp. is dis- 
cussing plans with three Ei;ropean 
tnanuraeturers to build the Nortlirop 
N-1 36F' lightweight ]ct fighter overseas. 
W'hitlev C. Collins, companv president, 
said here last week- 

lie told the New York Society of 
Secutitv -Analysts that N(;rtliroi) is 

working out production plans with 
SABCA. of Dclgimn; Fokker, of the 
Netherlands, and Fiat, of Italy- Collins 
said N-l 361' production also is being 
considered for .Australia, Japan. C.inada 
and Euto|>c. 

"Interest in this weapon is so exten- 
sive that we estimate its potential 
world-wide production at well in excess 
of 4.000 aircraft." Collins declared. 
Twin-jet aircraft is designed for NATO 
and SEATO defense force use {AW 
July 28, p. 35). 

N-l 36F' was developed with Northrop 
fuods, but Collins added that U. S. 
government ‘‘lias recently supported us 
;ind has expressed interest in sponsor- 
iug its fiirtncr development.” Aircraft 
is a fighter version of the Northrop 
T-38 jet trai;icr, which will be built for 
U. S. .Air Force bv Notair Division. 
Collins said the training mission will 
“require several tlious;iud aircraft." 


Turning to Xortlirop's role in space 
rcsuircli, Collins noted that N'orair 
Division, as well as the rest of tlie com- 
pain, "is determined to keep its feet 
on tlie gtoiind, .so to spi-.ik, vvliilc look- 
ing at tlic stars." 

Advantages Northrop gain.s from 
space rese-arcli activities, directly in 

tcclinical competence, lie continued, 
■'must be cmnmeaisurate with the in- 
field of endeavor;" 

Collins iiiipli.isi/ed the comixiny will 
eontinue to explore "proiuisiiig and 
logical aveinicx for growth througli 
acquisition or iiierget,' and. in answer 
to a t|uestion. denied that the company 
is ciiiisidering a merger vvitli Ravtfieon 
^^fg. Co., with vvliicli it works "very 
closelv" on the Hawk surface-to-air 
inissile for the U.S. .Armv, 

In addition to merger cxpluiation, 
tlic comp.iny',s future pros|)ects inchide: 

• Major product [itograms still in test- 
ing and development phases show 
“gre-jt promise" of moving into volume 
production in the next year or so. 

• NorfIiro|i sales volume can be nx- 
peeted to expand by "a considerable 
margin," and coupled vvitli savings 


sales for the first lialf of its fiscal year, 
vvliieh closes this month, prob-ablv will 
be .slightly below a similar period in 
1938, while earnings may be "tmighly 
20% abov e the like period a year ago." 
He explained that s;ites for the first five 
months of the cinrent fiscal year totaled 
about S96 million, against SlOO niillion 
a vear ago. Eaniiiigs, after taxes, 
amounted to S2.6 million, or 51-62 a 
share. I'irst half earnings last vear were 
S2.1 million, or S1.34 a share. 

.Asked how niucli of Northroji's cur- 
rent business is subject to renegotiabon. 
Collins replied: "Unfortmiatcly, 100% 
However, a sc-.ircli for iion-milihity 
products is proceding ‘Aggressively.” 
;iecording to 'I'homas A'. Jones, sesiiot 
vice president in cJiarge of dcvclopsnent 
planning. 

Jones said two are;is, in p;irticul;ir, 
a;c in the field of guidance for jet tta;is- 
port aircraft, and in air traffic control, 
adding "we will exploit these when we 
feel vve h.ivc ;; lt-adi;ig position." and 
can become co:npetitivc. 

At tlic moment, aliout 63% of 
Nortlirop's business is in the avionics 
and missile fields. Order backlog now- 
totals 5283 million, of wliicb about one- 
third is for manned airra.ift. 
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ICAO Will Try to Settle Navaid Dispute 


By James A. Fusca 

New York-'llic U.S.-British con- 
flict o\er wliich sliott range navigatioiin] 
aifls arc to be adopted as standards by 
lilt International Ci\’il Aviation Or- 
giiniziition for world-nidc impleincnta- 
tioii will be decided at a special ICAO 
incctiiig tliat begins next «cek in 
Montreal. 

Although all tspes of short raii|e 
iia'igation systems are scheduled to be 
ciiiisidcred. the onh’ major contenders 
arc the U.S. VOR- DME-T rho-theta 
ssstcin and the British Decea lirper- 
bolic system. 

The present standard short ran|c 
naraid is A'OR (VHI' omnidirectional 
range), adopted by ICAO in !9t9- In 
1951, civil distance measuring equip- 
ment was teconimended as a supple- 
ment to VOR where required, but this 
OME standard does not confomr to 
the characteristics of the Taean com- 
patible distance measuring equipment 
(DME-T) which in combination ssith 
\^OR makes up the civil portion of the 
\'ortac sr’stcm now being installed hv 
the U.S.' 

This countrv proposed modification 
of the DME stairdard to confomi with 
DME-T characteristics at a meeting of 
IC.AO's Sixth Communications Di'i- 
sinn in the fall of 1957. The move was 
defeated by the British who proposed 
that nc-xt week’s special meeting he 
called to consider the entire question of 
short range nariaafirmal aids, rite in- 
tent of the British mosc was, of course, 
to force consideration of the Dccca 


Opposing Positions 

'ITie U.S. position at Montreal is 
expected to favor confimiation of VOR 
as an international standard, extension 
of its use to eii route as well as Icrnrinal 
areas, and the substitution of DME-T 
for the present DME standard. 

'Ihe British position ap])eats to hasT 
shifted bcEseen the 1957 IC.\0 meet- 
ing and the present. .At that time, thev 
suggested that Dacca should be adopted 
as the primary standard short range 
iiavaid. but with A'OR ptesersed as a 
siipplcmentarv aid because of the more 
than 1.500 present or planned VOR 
mstallatioiis around the world. 

'Ibis position seems to ha\c been 
modified as the United States has 
gained ap|)arent .support for the Vortac 
system. 'Ihc present position is that 
\'OR should be retained as the priimm- 
short range aid— but without adoption 
0* cither DME or DME-T-aud that 
Dccca be adopted as a supplemental aid 
to be used in areas of \err high traffic 
densits'. 


This means that the British will 
direct their attack primarily against 
adoption of DME-T. Thev will assert 
that the accuracy of \'0 r/DME-T 
(A'ortac) is not ade(|uatc to provide 
parallel rontes with latenii separation 
in high densitv traffic areas, and that 
the ga-ater accuracy of Dccca as a hy- 
perbolic svstem is required. 

'Ibe British position also will stress 
the inherent com|)atibilitv and casv 
transition from a short range to a long 
range aid if Dccca and its long range 
counterpart Dcctra— which is now in 
trial operation across the North Allantic 
—ate used togctlicr. 

U. S. Arguments 

United States arguments to counter 
the claims of limited traffic handling 
capability of Vortac will include point- 
ing nut that many U. S. airports arc 
presently handling more operations per 
day than London, the busiest Decca- 
equipped tomiinal area using onlv VOR, 
and that the addition of DME-T will 
greatly increase traffic capacitv bv re- 
ducing longitudinal aircraft separation 
now requited and by providing nianv 
more holding fixes outside the terminal 

•As to W5V transition and compati- 
bility. the United States will emphasize 
the fact that transition from a short 
range cn route navaid to an instrument 
approach aid favors A'ortac because 
airliners can use VOR receivers for 
instrument a|)prr>aches witlr the II.S 
svstem in use around the world, in- 
cluding the United Kingdom. 

Both countries have described and 
demonstrated their systems for repre- 
sentatives of other IC.AO member 
countries as p.irf of their attempts to 
gain support. 'Ibe United States held 
a four dav symposium on A'ortac last 
Octolier in Wiishiiigton and Indian- 
apolis where ?0 IC.AO countries were 
represented (.AW Oct. 15, p. -tv). 

The Britisli this week arc demonstnit- 
ing in flights nut of New A’urk a Dccca 
installation in a BOAC Comet 2K. 
operating on the Decc.i chain in the 
New A’ork area being used in the bed- 
CKil Aviation Agenev’s evaluation of a 
hy perbolic sy stem for helicopter nav iga- 
tion (.AAV Sept. 22, p. 52). Similar 
demonstrations have tx.cn held in Lon- 
don and Paris last month, and will he 
iicld later this niontli in Montreal. 
Probable Results 

Nfost informed observers believe the 
United States will win final approval for 
its A'OR DME-T .system, but only after 
an extremely bitter figlit. One factor 
tliat tips tlic balance in U. S. favdt is 
the reported su|i|)ort of the Interna- 


tional Air Transport Assn, for A'OR 
DME-T based on the hcavv inve.stment 
in A'OR on tlie part of international air 
carriers. 

Member states probably will be en- 
couraged to cimtimie the study , develop- 
ment and use of sy stems such as Dccca 
on an experimental ba.sis but-if DME-'l 
Ix’comes an IC.AO stimdard-aTl conn- 
tries will be urged to install VOR 
DME- T as the internationally accepted 
sliort range nav igation aid. 

In the documents describing the 
positions of the various dclcgatioiiv 
that have been distributed through the 
ICAO secretariat, the United States 
and the British have listed their specific 
arguments pro and con as a basis for 
the discussions that will take place at 
the meeting. 

-According to the United States, its 
selection of the rho-theta (range and 
bearing) VOR/DME-T svstem docs 
not imply that tliis type of system is 
the only possible way to provide short 
distance radionavigation service, noi 
docs it imply that rlio-theta systems are 
to be considered in every way better 
than Inperbolic svstems. 

Particular Value 

Such systems, the United States says, 
have value for particular purposes. Con- 
sidering only their basic technical cap- 
abilities, hy perbolic systems may offer 
greater accuracy than rho-theta sys- 
tems. and tlic low frequenev charncteris- 
tics of some may offer coverage to lower 
altitudes than rho-theta svstems. 

The United States, however, con- 
siders that rlio-thcta possesses a partic- 
ular comhination of advantages that 
makes it the most suitable snort dis- 
tance radionavigation system. 
Advantages Cited 

.Among these advantages arc; 

• Simplicity of presentation and use of 
the system in the aircraft, including the 
ease and naturalness of interpretation 
of the infomiatioo presented. 

• Simple positive identification. 

• Simplicity of obtaining a track and a 
position fix immediately upon selecting 
the proper channel or after restoration 
of a lost signal. 

• Ability to use the basic information 
cf A'OR and DME-T without need o’ 
computers or complex displays in iiir- 
craft to convert basic output informa- 
tion into usable form. 

• Single-site installation capability. 

• Availability of a positive over-station 
fix with simple airborne equipment in 
addition to the availability of position- 
fixing ability away from the station, 

• Implementation of the .system and 
its operation and iiuintenance arc under 
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"^rom Defense Products Division of AAF, acknowledged ^ader 
in portable heating, ventilating, and air conditiomng 



custom engineered GSE 

for Convair’s B-58, F-106, and F-102 
weapons systems 



Amcriain Air Kilter’s cxmtrihutinns 
to dcfcn-sc ore well known In the 
U- S. Air Koree and its prime exvn- 
traelors. For two dtx'ucles Henn;in 
NoLson engineers have pioneered in 
the development of (■nvimmnental 
support equipment for .AmiTiea's 
.aviation and military needs. 

In helping olher.s with problems of 
ground support— in detenu ining and 


fulfilling the re<iuiri'menls of various 
weapons systems-AAK has rievel- 
opcxl a staff of si ienlisls. engineers, 
and leehnieians who are specialists 
in the (hSK field. Huckeri hv Amer- 
ican Air Killer'.s vast manufaduring 
and research facilities, these AAK 
.spechtlists aie ideally qualified to 

ground support ixiuipim-nl. They 
have made itii|Miil;mt contriliulions 


to the K llll. I••ll'2. E-KM. E lilt), 
and R-.\S.as well as to the Allas, ami 
-Jupiter mi.ssiles. Herman Nelson 
l>orl;ihle Heaters are in use in great 
numliers on the -D.E.W.” line, and 
wc-rc clmscn for the hi.storic South 
Pole mission. Oisaulion I7cepfreezr-. 
Why not utilize AAF's specialized 

all phase's of your USE program? 
We invilc your inc|uiry. 


I ^^ir Fi 


ilter 


COMPANY, INC. 


DEFENSE PRODUCTS DIVISION, ROCK iSLANO, ILLINOtt 



News Digest 



This gas turbine powered helicopter has the stamina and brawn of its 
namesake, the Arctic Husky. An all-purpose aircraft, the Huskie in the role 
of the U. S. Air Force base rescue helicopter is ready to spring into action 
instantly. It’s designed to be handled with mittens ... not kid gloves. 

Packing large cargo space within a compact frame, the Huskie is ready 
to support missile sites or carry troops, supplies and equipment with 
equal reliability. A direct descendant of the service-tested Human HOK 
and HUK, the H-43B Huskie proves its heritage. 
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Thor-Able Launched 

I'lior-.^blc vehicle, with specini nose sec- 
tion. carries a vcrsinii of new Titan inter, 
continental ballistic missile giiidince Ss'Stcin 
at launch at Cape Caiiavcial, Fbi.. on '4.400 
nii, nose cone recovers' test Right. 

fhe control of the shite providing the 

• Capability, both on the ground and 
in the aircraft, of ptosiding theta and 
liio (VOR and DMIi-T) on a progres- 
sive basis as requirements dcselop. 

• Protection of the in\cstinent in VOR 
and the extensive worldwide planning 
which has been done on the \'OR 

• Inherent capahilitv of the simple air- 
borne equipment to perform additional 
functions, such ns ILS localizer and 
Miice communications. 

• Oijctation in a shitic-free part of the 
radio spectrum. 

The British state in contradiction to 
Uris that ,i navigation service based on 
a rho-theta svstem currently .available 
will he subject to the following disad- 
'aohigcs and limitations: 

• Rapid fall-off in fixing accuracy with 
dishmcc from the shition. therefore 
affording only .a short useful range. 

• Lack of continuity (the need fot 


frequently .vv.itdiiiig shitions en route). 

• Lack of coverage at low altitudes and 
overhead tile station, tcsnUiiig in large 
sections of opcratioiiallv used airspace 
being iiiadequatclv served. 

• Lom of all information vv itli less of 

• Stringent tecliiiical site requirements, 
coupled with tlie need for precise loca- 
tion in relation to tlie air route struc- 

• Consequent inflexibility of tlie rmitc 
structure vvitlimit ex|3cnsivc relocation 
of facilities. 

The British state tliat few of the limi- 
tations listed for rho-theta svsteins arc 
inherent in hyperbolic sj’steins when 
phase techniques arc employed, par- 
ticularly if tlicv arc operated in the LF 
band. Such limitations as hyperbolic 
svsteins may have, they say. are less 
objectionable operationally than those 
of rho-theta systems- 

Chance Vought Gets 
Navy F8U-2N Order 

Dallas-Early next year. Chance 
Vought wall start delivering to the Navy 
the E8U-2N. a new version of the 
Crusader vvTiicli will o|jeratc as a 
“limited” all-weather figlitcr with a top 
speed close to Mach 2, 

Chance Vought said the F8U-2N 
was initially authorized from Fiscal 
1958 funds and the company expects 
substantial numbers to be ordered. De- 
velopment of the new model will have 
the effect of stretching the production 
life of the Crusader series, but it doesn’t 
offer anv present relief from the lavoffs 
forced hv- cancellation of the Regnlus 
II and l'SU-3 programs. 

The F8U-2N is basically an FSU-2 
with more power and more advanced 
radar and autopilot svxtenis. The auto- 
pilot is a pusli-Witton system developed 
by Chance \' ought somewhat along the 
lines of the svstein designed for the ill- 
fated FSU-3 ijrogram. although it is 
not as complex- as the l'SU-3 svstein. 

All-vvc.itlicr capahilitv will he pro- 
vided to a degree bv a more advanced 
Magnaviix radar system than the ones 
on the earlier Crusader models. Tlie 
F8U-2N also will have the revised in- 
terior and exterior lighting systems and 
improved instrumentation called for by 
operation at night and in poor weather. 

Pratt & V'hitiicy J57-P-20 engine 
will give the F8U-2N more power than 
the 17,000 Ih. of thrust of the J57-P-16 
and afterburner which is in the FSU-2 
production model. This added power 
will put the FSU-2 very close to the 
Mach 2 mark. 

The new Crusader will be cqui|>pcd 
to carrv Sidewinder air-to-air missiles, 
plus '‘newer tape missiles now under 
devdopiiieiit." Tliis lirir-r categorv im- 
doubtedlv inchides tli- Sparrow 111. 


Convair Atlas ICBM test firings arc 
scheduled to he made at the rate of four 
or five per month doting the next sev- 
eral months. The- better than one firing 
a vve-ek sclie-dulc from the Air Force 
Missile Test Center, Cape Canaveral, 
ITa.. is now in effect with one nioderatc- 
langc flight of an Atlas C early last 
week and another scheduled for the lat- 
ter |jart of the week. T'iic modcrate- 
nmge flight reportedly achieved "inost" 
of tlie te-st objectiv es by the Air Force. 

Acrolineas Argentinas, Argentine 
State airline, has bought 10 h'airchild 
F-27 turboprops and taken an option 
for 10 more. At current price of S660,- 
000 each, finn order is worth about S6.6 
million without spares. Deliver;- is 
scheduled to start about October, 1939. 

Follovv-oii contract for more than 
SSO million has been awarded by U. S. 
Navy to North American .Aviation’s 
Columbus Division for production of 
additional A3J Vigilante all-weather jet 
attack plancs- 

Boron fuels will be produced for U. S. 
Air Force under S2 million contract 
awarded to Stauffer-.Acrojet Chemical 
Co. 

Federal Aviation Agency has ordered 
development and production of air 
traffic control beacon stations from Tele- 
computing Coiporation of Los Angeles, 
Calif. Project will be liandled by Bru- 
baker Electronics, Inc., a wliolly-ow-ned 
subsidian. on the Ixisis of a S3.069.000 
contract. Svstem can control up to 250 
planes for 250 mi. radius. 

Bristol Siddcicv Olvinpiis engine has 
been .selected to |>ovver the TSR-2 tac- 
tical support and rccoiin.iissance rcplacc- 
incnt for the R--\I' Canberra (AW' Jan. 
12. p. 121). Olympus has reached 
24.000 lb. thrust with afterhurning. 

German Defense Ministry has or- 
dered S14-3 million worth of spare parts 
for Republic F-S41'' Thuiidcrstrc-.ik jet 
fighters and Rl'-841' jet reconnaissance 
planes now in sendee with German .Air 
P'orcc. Contract was awarded to Re- 
public Aviation (Inteniational) S. A- 
which will place ptodiicHon of more 
than 1.500 items with European firms 
on a subcontract basis. 

.ARCAS meteorological rocket has 
been fired to an altitude of 174.000 fl- 
at WTiilc Sands. N. M„ test ground. 
Solid propellant rocket (AW Nov. 3. 
p. 49) was developed for Office of Naval 
Researdi hv .Atlantic Research Cor]3. 
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AIR TRANSPORT 


Supersonic Transport May Aim at Mach 3 


Aircraft price esliiualed at $20 million; development 
phase probably will skip Mach 2 , IAS members told. 


By Glenn Garrison 

New York— I'’iist siiptrsoiiic tniBsports 
to see airline scnico probablv will cost 
about S20 million each, will cruise at 
Mach 3 or above, and for economic 
rather than technological reasons, arc 
not likelv to he dclisctcd until the early 
1970s, in the opinion of manufacturing 
and airline officials at an Institute of 
Aeronautical Sciences session licre last 

Engineering officials of Coiivaii, Boe- 
ing Airplane Co. and Douglas Aircraft 
Co. indicated that the Mach 2 phase of 
airliner dcrelopmcnt would be skipped 
in order to oner a ntore attractive air- 
plane cconoinically and to avoid another 
re-equipmerrt ronnd. 

Mach 2 Program 

Convair could initiate a Mach 2 
transport program todai', witlr first de- 
liveries in 1%;, R. C. Scbold. ricc- 
|3tesidcnt-cnginccring told the l.\S 
'members. 

Thi-s airplane would be a "certain 
money maker, a good airjjlane in every 
sense" but its operational life would 
last onlv about n\e I’car.s, when com- 
]3etition from tlie Mach 3 to 3 transport 
would appear. Sebold said Convair's 
studies base included coni])uter evalua- 


tion of more than 100,000 supersonic 
.lircrafc design par.inrctcrs and more tlian 
10.000 hr- of wind tunnel testing of 
the more promising configurations. 

One Mach 3 design, Sebold said, 
promises a 12% adsantage oxer the 
Comair 880 in direct operating costs. 
Comparison is based on 100% load 
factor. 3,000 hr. yearly utilization, 10- 
yr. depreciation period and each airplane 
operating at its design range. 

Less confidence in the enrrent ability 
to produce a satisfactory Mach 2 trans- 
port u'as expressed by Douglas in a joint 
presentation by E. 1'. Burton, x-ice presi- 
dent, engineering, transport aircraft 
systems, and V. V. Holmes, adx-anced 
design engineer. To achiexe an eco- 
nomically conipetitixe Mach 2 airliner 
at the lex’cl of airframe design expected 
in 1965-70, nexv or itnproxed engines 
would he needed, according to the 
DougLis officials- Tltesc would haxe 
to he noiiafterbiirning poxvcrplants ca- 
pable of continuous operation at high 
turbinc-inlct temperatures, and maxi- 
mum short-time operation at tempera- 
tures near 2,000l\ 

On the other hand, though a Mach 
2 design xvould require a major engine 
dcxclopment program, the airframe 
structural problems are not particularlx- 
scxerc. Situation with the Mach > 


airplane is just the reverse, in the 
Douglas view- Such a plane coxrld 
utilize engines noxv under development, 
but would requite dcxclopnicnt of new 
airframe structural materials and design 
and production concepts. 

Seat ntilc production of a Mach 5 
transport carrying 160 passengers xxith 
axcrage 8 hr. daily utilization and aver- 
age 2,500 mi. trip length xvould total 
7f5 tnilUon seat miles vearlv. about four 
times that of the large subsonic jets, 
according to the Douglas engineers. 
.About 80 Mach 3 transports xxonid re- 
place 308 subsonic jets, thus cutting 
the manufacturer's market and raising 
the unit cost. If prixute industrx- had to 
absorb the dexclopmcnt costs of this 
limitfd-nxarket airpliine, some SIO mil- 
lion pet airplane xxould be added to thc 
pricc, Douglas estimates. AVith pro- 
duction costs running SI 5-20 million 
per airplane, the total price tag of S25 
to S30 million xxould 1)C intolerable 
to an airline. 

Travel Market Growth 

Iloxxexer, growth of tlic trux-cl market 
could create a noed for more super- 
sonic transports than the number re- 
quired to replace their subsonic ptexle- 
a’ssots, thus spreading tiic development 
costs over a larger number of aircraft. 
Additionally, the Douglas officials noted, 
there is the possibilitx' of some form of 
goxcnmient subsieix- of dexclo|>incnt 

General characteristics of the typical 
Mach 3 transport cnx isioned by Doug- 
las include six engines, a gross takeoff 
xveight of 500.000-600,000 lh„ 3,500 
iiaut. mi. range xxith capacity payload, 
truising speed of 1.725 kt- direct oper- 
ating costs of .5-1,000 per hour. Costs 
also are estimated at Se.60 per nautical 
mile and 1.3 cents per 200 1b. per nau- 
tical mile. Block speed at maxiinum 
range is estimated at 1.-160 kt. Empfv 
xicight of the plane is 200,000-250.000 
lb. 

Initial cost of supersonic transports 
mid finding the mnnev to buy them arc 
acknowledged bv the Douglas officials 
to be the primary problems for the air- 
lines before purchase of such planes can 
lx.' .seriously considered- The 308 jets 
bought to date by U.S. domestic car- 
riers for S2 billion, cxclusixc of parts 
and ground equipment, xxill he fol- 
hixved in 1963 or 1964 by fleets of 
inedinm range subsonic jets for shorter 
segments, in the Douglas xicxv. A hrcatli- 
ing spell of several veats xxill then be 
needed before the supersonic next round 
c.m be considered- Price tag of this 
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HYPOTHETICAL high Mach number transport carrying 100 passengers (artist's conception, 

according to Marqiiaidt .Aircraft Co. Aircraft would weigh about 300,000 lb, and would 
cruise at Mach 4 at 80,000 ft. Takeoff xxould be with after-biiming turbojet engines; ramjets 
xxould take over at 30,000 ft. Ramjet design is similar to Marquardt hypeisonic engine draw- 
ing shown previously. Below is concept of comuicrcial application design, a combination of 
ramjet engines for cmise, and turbojets for takeoR and initial acceleration. In a recent 
ground test, a Marquardt ramjet ran for 50 corxtinuous hours at simulated 73,000 ft. altitude. 



round xvill be about the same as that of 
the initial, large jets, because the per air- 
plane cost of three or four times as much 
xvill be offset by a like increase in pro- 
ductivity. 

Hence, Douglas feels, it will be 
1972-75 before airlines xx'ill be able to 
handle supersonic orders. 

Major Problems 

I'he Conx’air, Boeing and Douglas 
spokesmen, along xxith most of the air- 
line and engine manufacturing officials 
who discussed their presentations, 
agreed that supersonic design and oper- 
ational jets would present major prob- 
lems, including; 

• Decompression exposiite. Because the 
airplane xxill be living at altitudes up to 
70,000 ft., it won’t be able to descend 
fast enough to an acceptable altitude 
in the event of pressurization leak or 
malfunction. Emergency oxygen equip- 
ment xxill be of no value under the 
altitude conditions. 

• Sonic boom. To avoid property dam- 
age and public irritation from sliock 
xx-ax'cs, the supersonic transport mav 
haxe to climb at a speed below Mach 1 
at least until 35,000 ft. With descent 
speed also restricted bv this phenome- 
non, fuel economy and flight times may 
be drastically affcctcd. 

• Aerodynamic heating. Aside from its 
effect on aircraft structure, means must 
be taken to protect pissengcrs and 
internal svstems from licating of the 
supersonic transport. Standard glass fi- 
ber xx’all insulation xxould liaxc to be 
about a foot thick at speed.s approach- 
ing Mach 4 to keep walls at 90 deg. and 
cabin at 75 deg- Other cooling methods 
therefore must he developed. 

• Air traffic control. Tire supersonic jet 
xx’ill be exen less tolerant of delays than 
the subsonic jet in fuel consumption 
and hourly flight costs, and time for 
diversions, flight plan changes and the 
like xxill be radically cut. It appears also 
that for ail indefinite time the super- 
sonic transport will be mixed in the 
traffic patterns xvith subsonic aircraft 
and handling priorities will be difficult 
to arrange. 

Sonic Booms 

The sonic boom problem xx-as de- 
scribed bv Sanford B. Kaufman, assist- 
ant xicc president-engineering for Pan 
American W'orUI Airways, as one xxhich 
might prove to he one of the most 
troublesome in supersonic jet operation. 
The Douglas officials also pointed out 
that about one-third of total fuel for a 
txpical flight is consumed in climb 
bv the time Mach 1 is reached at 20, 

000 to 25.000 ft. If sonic boom consid- 
erations restrict the climb so that Mach 

1 is reached at higher altitudes, fuel 
consumption problem may become 
critical. Improxemcnts in engine fuel 
consumption rates may alleviate this 


problem, according to Douglas. Taking 
the problem from another standpoint, 
Convair’s Sebold notes that an 880 
fixing New York-I.os Angeles cox’crs 
about 83% of the distance at its cruis- 
ing speed. 

But planes faster than Mach 3 re- 
quire increasingly more distance for 
acceleration and dealeration, so that 
bv the time Mach 7-2 is reached the 
;iircraft actuallv xx’ould nexer cruise at 
that speed on a coast-to-coast trip. 
Before it finished acceleration and 
climb, it would haxe to begin deceler- 
ation and descent, these phases being 
speed-limited bv the boom problem. 
When transcontinental time has been 
reduced to an hour, therefore, it will 



be verv difficult to loxx’cr it farther. 

A possible solution to the decom- 
pression problem, suggested by M. L. 
Pennen, chief engineer of Boeing’s 
Transport Dixision. imolx’cs pressur- 
ization of the cabin during descent by 
ram air cooled by xx-atcr spray. Oxygen 
scrxice xvould be proxided as in current 
jets. 

Skepticol of Plan 

But Kaufman of Pan American was 
skeptical of this plan and preferred 
to see the major emphasis in cost and 
weight built into the structural integ- 
rity of the cabin and cockpit- 

In connection with cabin design 
efficiency, a suggested xxciglit-saxing 
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idea was elimination of piisseiigcr win- 
dows entirely, witli possibly a closed 
circuit tclcsi-sion system to give pas- 
sengers a view of the outside. 

To handle the cabin cooling problem, 
Scbold discussed circulation of air or 
wafer between inner and outer skins. 
While tliis was suggested not as a def- 
initive answer but onh- as an example 
of the new apptoaclics required to deal 
with tlie pioolein, Scbold said that 
otlier uses miglit lie found for the svater 
used in sueli a cooling system. 'Ihcse 
uses might include brake cooling or 
injection into hot engine sections to 
present crash fires. 


Other Points 


.\mong other points touched upon 
in tlie papers and discussions of super- 
sonic airline transports; 

• Passengers may jiavc to get used to 
much steeper deck angles during climb- 
out. Kstimates ranged up to angles of 
20 deg- or mate. 

• Mach 2 possibility was retained by 
hvo officials, Trans W'otld Airlines \ icc 
president-engineering R. W. Ruimiicl 
and United .Air Lines superintendent 
of technical deselopmcnt Rav D. Kelly. 
Rninmel suggested that Rinsian devel- 
opment of a Mach 2 lrans|)ort iniglit 
cost the U. S. prestige and lo.ss of mar- 
kets if uc waited for the Mach 2 phase. 
If this happened, one .solution would be 
to go all out on the liigber Mach plane. 
Kelly found it "disappointing" that 
nrorc consideration nus not given to 
the Macli 2 airplane since it seems to , 
offer less departure from tlie conven- 
tional. botli opcrationallv and structur- 
allv. 


Recent contacts witli engine build- 
ers. Kelly said, had led United to be- 
lieve that a suitable civil povvcrplaot 
for a hfach 2 aircraft, without the use 
of aftctbiirning. "may be vvitbin the 
realm of c-arlv ptactieality." h'liel costs 
of a Mach 2 plane may be lower than 
the 60-70% of direct operating cost 
estimates for Mach 1 transport fuel. 

• Utilization estimates for the Mach > 
transports were questioned bv sev eral air- 
line executives. Tor example. Pennell 
of Boeing postulated a fleet of four air- 
|)lanes flving between New >'ork and 
Paris and achieving a 74-hr. daily utili- 
?ation with six round trips a dav and 
lone lavovet at Nenv York. Utilization 
could lx brought to 9 hr. a day by wiid- 
vviching in short Miami hops, as Pan 
.American now docs bv leasing its Boe- 
ing 707-120S to National .Air Lines. But 
Kaufman of PanAni felt that tlic 7* 
hr. time utiliziition figure for the aver- 
age airline might be "somewhat opti- 
mistic.” Speeds of the supersonic trans- 
port tend to make its sclieduling resem- 
ble today’s short haul piston operations, 
ICiufnian suggested. With onlv one to 
three hours flving time between land- 
ings. flying time is difficult to build up 


miieh hevond six hours im the average 
unless route pattern conditions are ex- 
tremclv favorable. This factor. Kauf- 
man Siiid. will deserve piirticular atten- 
tion in economic studies of supersonic 

In this connection. Scbold’s assump- 
tion of 1.000 hr. of yearly utilization 
was questioned bv Birger Iloincr, di- 
rector. project and devel(i|jmcnt engi- 
neering for Scandinavian .Airlines Sys- 
tem. 'Ilic super.voiiic airplane will differ 
from five subsonic in that it cannot 
be used efficiently on shorter routes 
while waiting for long-range schedules, 
which niav be limited Gy passenger 
needs, 'llicrefore :iirlincs may have to 
accept a lower utilization for tlic super- 
sonic planes witli corresponding higlicr 
costs, ilomct suggested. 

• Stractuial materials for the supersonic 
transport will not pose a critical prob- 


lem. according to Scbold of Convair, 
if material characteristics are used to 
best advantage. .Above Mach 2, naked 
ahniiimnn is out, but insulated or 
jacketed aluminum may serve at con- 
siderably higher speeds. .Around Mach 
3. titanium and steel offer about the 
same structural weight factors. 

• Automatic controls will be important 
elements of the supersonic transport, 
but the airplane must be operable man- 
iiallv bv its crew and have flight char- 
acteristics similar to subsonic aircraft. 

• Fuel rcsencs mav be less liberal with 
the Mach 3 airplane, according to 
Douglas. Instead of tlie hour’s reserves 
with current transports, 1 3 min. of re- 
serve fuel mav be all the supersonic 
iilane will tolerate economically. If 
holding times arc to be reduced to cut 
necessary resen’es, some new opera- 
tional techniques will be required. 


CAB Gives Tentative Approval 
To Airlines’ Mutnal Aid Pact 


By L. L. Doty 

Wasliington— Civil Aeronautics Bosird 
last week tentatively iqiproved the mu- 
tual assistance agreement of six airlines 
as a financial protection against labor 
strikes but attached four conditions to 
the pact. 

Meanwhile, labor leaders again 
raised protests against the plan, tanging 
from threats to turn to industry-wide 
bargaining to charges that the agree- 
ment repudiates the principle of con- 
ducting negotiations in good faith. The 
Board, however, found the mutual aid 
program during strikes not adverse to 
the public intcrest. 

Under the origina] plan, strikebonnd 
airlines routed their grounded passen- 
gers to competing incinbets of the pact. 


American’s Jet Service 

New Vnrk-.Amerieaii Airlines last 
week began the lir.vl transenntincntal 
scheduled jet service with ca|iacitv loads 
on its initial Boeing TQ7-120 flights and 
"cxtTcniely heavj” reservations for future 
schedules- First Los .Angclcs-Ncw York 

tower, ■» hi., 23 min. ramp to laiiip. 
First westbound schedule was flown In 
cnmiiarable times of 6 hr.. 21 min. and 
6 In.. 27 min. 

Ibe airline also has begun its Lock- 
heed Elcctra turboprop service between 
New York and Chicago. Times of the 
first two flights: 2 hr., 43 niin, ramp to 
ramp westbound: 2 hr., 3 min. tamp to 
ramp easlbound. Both flights were sold 


In its deci.sion, the Board conditioned 
its autliorization of the agreement to 
requite airlines hit by a strike to re- 
route passengers to all alternative serv- 

Herc are the other conditions im- 
posed on the carriers by the Board in its 
decision; 

• Pact must not conflict witli tlie 
"riglits and duties of parties to airline 
labor disputes as provided by flie Rail- 
way Labor .Act." Air Line Pilots .Assn, 
originally charged that the agreement 
repudiated the Railway Labor .Act in 
tliat it bars the w-av to bargaining in 
good faith. 

• Board limited the effect its decision 
would have on future rate-making pro- 
ceedings. In this respect, tlic Board 
was serving notice tliat approval of pas- 
senger and freight Tariffs and tlic setting 
of subsidies would not be affected bv 
expenses or revenues resulting from the 
]xict. 'Hie Board can be expected to 
take a closer look at the exonoiiiic im- 
plications of the pact if it is invoked 
ag.iin at a future date. 

■ Members of the agreement will lie 
required to report to the Board anv 
modifications in the ap|ilication or prin- 
ciples of the agreement, financial state- 
ments and the methods used for com- 
puting pavmeiits to strikebound carriers. 

.Announcement of the Board decision 
was not accompanied by a formal CAB 
order which will detail the agency’s 
findings in the ease. A'ote on the issue 
was s|)lit by a dissent of member C. 
Joseph Minctti. 

Afcmbcr.s of the pact arc Aiiictican. 
Capital. Eastern, Trans World, Pan 
American and United Air Lines. The 
agreement was first applied when Capi- 
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tal Airlines was grounded bv an Inter- 
national Assn, of Machinist strike from 
Oct. 17 to Nov. 22. 

Under tlic agreement, Capital re- 
ceived a total of S2.2 million rtoni the 
five member carriers for losses incurred 
during the period of tlic strike. Effect 
was to reduce the carrier’s two-montli 
net operating loss to S1.3 million ’Hie 
airline actually showed a net operating 
loss of S2 million for the period but. 
since it had projected a Sl-3 million 
net operating profit for October and 
November under normal scheduled 
operations, the carrier estimates total 
net operating loss as a result of the 
strike at $3.6 million. 

An estimated S> million has been 
paid to Capital, Eastern and TWA, all 
hit by strikes since the agreement was 
reached. American Aitliiics. fourth 
carrier to experience a strike within the 
life of the agreement, has not received 
any financial assistance from pact mem- 
bers since it has not been determined 
tliat the carrier is entitled to aid under 
the prov isions of the agreement. 

'Die agreement requires that p;iv- 
ments can be made oniv' if labor de- 
mands c.vcced recommendations of a 
Presidential Emergency Board or ate 
otherwise unlawful. No decision has 
been made as to vvhether American's 
strike witli the .Air Line Pilots Assn, 
meets these requirements. 

.American has refused to pay TW'.A 
its share of finaiicia! assistance created 
bv the lAM strike against TWA until 


;i decision is readied in its own case. 
Capital wav asked to refund a 52,300 
overpayment to nieniber carriers. 

T'lie pact always has lieen open to 
all scheduled airlines. However, carriers 
now wishing to enter into the agree- 
ment must pav a pro-rata share of the 
amounts already distributed to .strike- 
bound carriers before they may become 
members of the pact. 

Stuart G. Tipton, president of the 
.Air Transport -Assn, called the Board's 
decision on the six-airline agreement 
a "noteworthv recognition of the air- 
lines’ efforts to miiiimiw; labor conflict’’ 

"should deter strikes and help restore 
true meaning to collective bargaining." 

International Assn, of Machinists 
restated an earlier warning made in 
association with the Brotherhood of 
Railway Clerks that the agreement 
would "inevlTably lead to a widening 
of labor disputes and the development 
of industrv-widc strikes.” Doting Bo.ird 
hearings on the pact. lAM urged the 
oveinment to seize the airlines as it 
ad done with railroads in the p;ist 
during deadlocked strikes. 

Air Line Pilots Assn, and Flight 
Engineers International .Assn, both 
denied that anv moves would be made 
to join the LAM in an industn-widc 
bargaining program. A spokesman for 
h'KIA told -Avi.xtion WTkk that his 
union would continue to resene its 
right to strike against anv nr all of the 
contributing inemliets of the p;ict. 


ALPA said it would conduct all its 

liargainiiig on ;i ’’conipauy-hy-company" 
basis- It reaffirmed its stand that the 
six-way contract is illegal adding that, 
under flic agreement, no safeguard exists 

might seek to destroy union activities. 

T1ie Board’s finding that application 
of the agreement during strikes "is not 
adverse to the public interest” protects 
member carriers from risking prosecu- 
tion under anti-trust laws. However, 
a possibilitv docs exist that tire- decision 
could be re-viewed by the U. S. Court 
of Appeals if the unions chose to appeal. 

Increased Earnings 
Reported by United 

Chicago— United -Ait Lines last vvex-k 
reported that revenues and net eamingv 
for 1938 reached the highest level in 

the company's history. 

Net jirofit for the year totaled 514.3 
million, including 5348,000 from the 
sale of aircraft, or earnings equivalent 
to 54.03 per share- Operating revenues 
amounted to 5315. 8 million and operat- 
ing expenses totaled 5286.3 million in- 
cluding depreciation charges of $28.8 
iiiillinTi. 

Gist year, net earnings were 57.9 mil- 
lion including a 53 million gain from 
the sale of aircraft after taxes. United’s 
operating revenues totaled 5281.9 mil- 
lion in 1957 against operating cxisenscs 
of S269.fi million. 
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RADIOPLANE RP-76 SIMULATES NEAR-SONIC ENEMY 
...ARMY MISSILEMEN SCORE HIT IN FIRST FIRING! 

Place; Rcil (l.inyon Kuiif:c. New .\lcxiai. Time: niiiiiilcs alter an KP-76 hijjli-allilinle 
air-launching by Railiopiaia- [lersaniirl. Rveiil: Army mi^9ileIucn sight RP-7(3 siiiuilalitig 
an enemy wca(i<in system aimmachingat .Mach O.O.TIicy lire- for the first time against 
an RP-76-scorc a direct hit. 

Res|i(insible: the men of Buttery C. 1st Missile Battalion (Nikc-.Ajux). -S6lh Artillery, 

IJ.S. Army Defense (loiiimami; the men of Radioplane's contractiir-opBrated lliglitserv ii c 
program, backed by the more than 2,500 Radinplane drone s|iecialists who di’sigiied ami 
[irodoced the. RP-76. 

This Army-Radioplane achievement typifies the leaiiit of R,idinpl:me teamwork with all 
of tin: U.S. .Armed Forces, Other current examples in lievelopmenl: the supersonic 
USAF-XQ-4.A weapon evaluntioii target drone and the U.S. Navy's XKU IR-1 rocket 
laiyicl, two more memhers of Radinpl.iiie's com|delc drone family. 



Fare Case Unaffected by Jet Surcharge 


By Robert H. Cook 

Washington— Temporary apptoi-.il of 
jet surcharges bv tlic Civil Acrouautics 
Board (AW Jan. 27. p. 39) is not ex- 
pected to have a direct bearing upon 
the outcome of the General Passenger 
l''arc Investigation Case which. Board 
members indicitc, may be decided by 

However, the oser-all question of jet 
fares and any difference between those 
and those lesied piston engine fares, 
properly would be included in a second 
phase of the General Passenger harc 
Oisc cosering equipment requitements, 
according to Board spokesmen. Primary 
motivating force behind CAB's approval 
of extr.i jet fares for American and 
National airlines has been the need to 
acemnHiate a source of actual opera- 
tional data on which to base a thorough 
study of the surcharge question, the 
spokesmen say. 

TIic Board's action triggered an opti- 
niisHc boost in airline stock with a rise 
of from 1 to 41 points among most 
major carriers following the Board's ap- 
proval of a SIO surcharge for first-class 
jet service by Nation.il and a S3 to SIO 
extra fare for .American. Also contrih- 
nting to the stock rise was a later de- 
cision by the Board to ap|Jrove applici- 
liim of the surch.i^e to American’s 
coach service on the Boeing 707-120. 

Market experts termed the increase 
"piircls psvdiologicaT' and pointed to 
a steadv decline which began carls last 
week, with only .American and Unitcel 
retaining ptesious gains and continuing 
to rise. Bankers also were little moved 
by the market rise and have indicated 
fliat future financial backing will be 
influenced bv the outcome of the Gui- 
enil P.isscuger Fare Case and a search- 
ing analysis of conmicrcial jet opcr.i- 
tions this year rather than by the sur- 
charge a|jprov-al. 

Decision Date 

While the Board could not pinpoint 
the date of a decision in tlic fare case, 
it pointed out that the expiration d.itc 
for interim fare incrcascs-totaling an 
estimated 10%-granted last Fcbtnary 
and October, is July 31. Tlie outcome 
of the fare cast is expected to be re- 
solved prior to that date. 

The date is also the same for the ex- 
|)iiation of .American’s jet surcharge but 
was suggested bv the Board only to 
reflect anv possifcle fare changes that 
mav arise from the General P’are Case, 
according to the Board. Pending future 
CAB action on the question of jet fares 
and differentuils, -American and other jet 
operators would be fiec to file for new 
jet tariffs or extension of present rates. 


CAB estimates that it needs the re- 
sults of at least six iiumths of jet op- 
erations upon which to Isise any definite 
succluirge decision, even though it 
admits it is being pressed fur a stand on 
this question hv the liitcrnational Air 
Transport .Assn, 

Last f.ill, I.A T.A members dislKinded 
a Cannes, I'r.uKC, meeting on the sur- 
charge qiiesticm after the Board took a 
neutral stand on the matter and refused 
to IxMid to the will of a majority of 
lA'TA memhers fiivoring tlie jet sui- 

Now , the Board is again being asked 
lo take a definile sUiiiel on this question 
.il the ITh. 16 meeting of LA'TA in 
Paris (,AW Oct. 27. n. 26). Informed 
observers are spcciiLiting that the 
Board’s approval of .American and Na- 
tional surcharges could influence the 
outcome of liie international meeting. 

Me-anwliile, .Ametiean has placed its 
surcharge on tr.msroiitineiital coach and 
first-class flights, and N.itional is offer- 
ing a de luxe first-elass jet service 
c.irtving a SIO surcharge and a "first 
class" .service at first-class fate with no 
siircliargc on its Ncav A'ork-Miami route 
iililiziiig a Boeing -07-120 leased from 
Pan American. 

Unlike ,\iiietit-.iii. National did not 
file a tariff for jet coach service hut 
elected to term its six abreast seating as 
■'first-class jet service," which the C.AB 
is now in the process of investigating. 
National's authority for a surcharge 
expires May 31 when the Jet aircraft 
is rclutiietl to Pan American in accord- 
ance witli the lease agreement between 
the two c.irricr.s. 


The airline defends its first-class New 
Vork-Miami fate of S80.R0 one way for 
the six abreast configuration on grounds 
that its relatively sliott route of 1,100 
mi. is not onlv more costly to operate 
than the long haul transatlantic jet 
flights but is offere-d at a cents pet mile 
basis almost identical witli that of the 

atlantic. 

Eastern's Objection 

Kasteni Air Uiks, m particular, has 
objected to National's adsertisins of 
"first-class" service and has asked C.AB 
to investigate the matter. Advertise- 
ments ill which National offered a 
choice of first-class scats at no extra 
charge, or dc luxe at SIO extra, wxirc 
termed "deceptive advettising” by East- 
ern attornevs, who contend that the 
seats are the same as those offered in 
Pan American's economy class seating 
with a 34-in. pitch and "under-sized’' 

Replying to the filing. National an- 
swered that the first-class seating is the 
same as that cmpluved bv Pan Amcri- 
eaii; tlic fate is afniost the same as Pan 
.Amcrictin’s economy fare per passenger 
mile; the seating offered contains more 
room since the jets are wider than 
piston aircraft. 

National also reiiiiiulcd its competi- 
tor that the Boeing 707-120 load factor 
has been 907fi during this month and 
tli.it all p.issengets arc infonned "first- 
class" ine.iiis a six abreast seating- 
Proper forum for the Eastern com- 
plaints. said National, is in the CAB 
investig.ition already under way. 



RAF Britannia Tests Under Way 


First Roval Ait Fore* Bristol Britannia 253 taxis to ramp after lest flight nt Short Biotliers 
& Harkiiid's Belfast. Noitliem Ireland, airfield. Aircraft made its first flight at Belfast (AW 
Jan. S, p. 27) and is the first of 15 Britannia 253s for the RAF; tlirce 252s arc being bnill 
for Btiri.sh Ministry of Supiily. Aircraft is powered by four Proteus 255 turboprop engines, 
develojiiiig 4,445 eshp. each. Flooring has been strengthened for heavy militaiy loads. 
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thanks to automatic xerography... 


#7 ~W~M JTSM 


saves $85,000 yearly 


A XeroX* Copyfio* 11 continuous 
jjrinter, enlarging disposable micro- 
film onto a continuous roU of offset 
paper masters, is saving Martin of 
Baltimore $85,000 a year in the re- 
production of engineering drawings 
and drawing-change notices. 

The Copyfio continuous printer, 
operating on the electrostatic prin- 
ciples of xerography, is completely 
automatic, enlarging microfilmed en- 
gineering drawings and change no- 
tices onto a continuous roll of inex- 
pensive, offset-paper-master stock. 
This roll, 2,000 feet long by 12 inches 
wide, is then cut apart into individual 
masters for the runoff of multiple 
copies on offset duplicators. 


Here are some of the advantages 

of the Copyfio 11 continuous printer 

to Martin of Baltimore: 

• .Annual savings of $85,000. 

• Output of offset paper masters has 
doubled; no increase in personnel. 

• Average of 20 minutes saved in en- 
gineering department on each of 
50,000 yearly change notices. 

• Improved quality of runoff copies. 

« Specification books, training man- 
uals, etc., now printed in half of 
former time, with half the paper 
and half the collating. 

Where the copying of a few or 


thousands of different documents is 
needed daily, look to automatic 
xerography for the convincing an- 
swer. Copyfio printers enlarge, re- 
duce, or copy same rize. They offer 
the speediest, most flexible, most eco- 
nomical method to get copies precise- 
ly like the original — either from the 
document itself or from microfilm. 
For complete information, write 
HaloidXeroxInc., 59-97X Haloid 
St., Rochester 3, N. Y. Branch offices 
in principal U.S. and Canadian cities. 

HALOID 

XEROX 


Democrats Push Airport Aid Measure 


By Katherine Johnson 

Washington— Senate Democrats arc 
pushing to have legislation tliat would 
piovide S575 million in federal aid for 
airport construction to become tlie first 
mt-.ibure passed by the new session of 
Congress. 

Public hearings before the Senate 
Cmiinicrce Committee— at «hich sev- 
eral segments of aviation strongly 
backed the measure— were completed 
last week, and Sen. Mike Monronev 
(D.-Okla,), chaimian of the aviation 
suhcomniittee, hopes to have tlie legis- 
lition rcadv for action on tlie Senate 
floor by I ch. -1. 

In opposing the S575 million pro- 
posal sponsored by Monrtmey and over 
40 other senators, the Administration 
offered a substitute providing S200 inil- 
Uon. Ihe proposal marked a rctreut 
fiom the .Adininistnition's position of 
last scat when former Under Secrctaiy 
of Commerce for 'I ransport-ation Louis 
Rothscliild opposed any additional 
federal assistance for airport eonstruc- 


Sased on Survey 

The -Administration proposal was 
based upon a survey by the Federal 
.\viati(m .Agena- which showed national 
airport requirements totaling almost 
SI.’ billion over the next four years. 
Tills would involve S727 million local 
finiincing under the Monrone-y measure. 


and over SI billion in local financing 
under the .Admiiiistr.ifinn plan. 

Republican reaction in Congress to 
the .Administration proposal was iinen- 
tlnisLastic. Sen. .Andrew Schocppel 
(Kans.). ranking Republican on the 
Commerce Committee, su^csted that 
"tlic licst airport legislation mav be one 
iiictgiiig fexiturcs" of the Momoney and 
.Administration bills. Sen. Thomas 
Kuchel (Calif.), assistant Republican 
leader, is one of tlic sponsors of the 
Monronev bill. 

Counter-Proposal Details 

I'hese arc the provisions of the Ad- 
ministration proposal, presented to 
Senate Commerce Committee bv FAA 
Administrator Is. R. Quesada: 

• Foiii-veat extension of federal assist- 
ance; S()5 million in Fiscal I960; SS5 
million in Fiscal 1961; 549 million in 
I'ise.il 1962; 595 million in Fiscal 1969. 
Tlic Monronev bill provides 5100 mil- 
lion for five vears. and an additional 
575 million emergency fund to get an 
expanded program under construction. 
Present law prov ides 569 million a year. 

• Total of 50'T of the funds would be 
allocated to states under a formula giv- 
ing vveiglit to area and population, and 
50% would be alloe.iteil at the discre- 
tion of the I'A.A .Administrator to top- 
prioritv projects. Under the Monronev 
bill and under present law. only 25% 
of aiqjort funds ate disCTctionary. In- 
creasing it to 507f. Quesada said. 


“would provide badlv needed flexibilitv 
to meet urgent requirements wliere thev 

■ Funds .allocated to states but unused 
after two years would revert to the 
I'.A.A .Administrator's discrctionarvfund. 
Under the Monronev bill and present 
law, unused funds would be reallocated 
to the states under the atca-papulation 
formula. Quesada said tliat, since mid- 
1955, 14 states have never utilized all 
of the state apportionment funds avail- 
able to tiicm, wliile tlierc were urgent 
airport financing requirements in other 

•Tcdcral funds would not go "Iseyond 
tlic gates.’’ They could not be used for 
such projects as terminal buildings, 
passenger and freight processing facili- 
ties- Slonronev countered that sucli 
facilities contrilnitc as mucli toward 
facilitating air coininerct as the runwavv 
and taxivvays. 

Administration View 

Quesada presented the Administra- 
tion proposal as one that meets ’’the 
tiuc needs for which the federal gov- 
cmnicnt sliouid ptO|)Ctlv iic responsi- 
ble. It assures that federal participation 
will continue for tiic |x:ric)d ncccssatv 
to afford ample opportunity to the 
states and local conimunitics to assume 
their proper responsibilitv without dis- 
ru|)tion of needed airport development. 
At the same time, it reflects onr con- 
viction that the time has come for tlie 
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fc<]cnil go'crnmcnt to licgin im otdcrly 
witlidtaw-j! ttom tlic airport grant 
piogtain." 

rhc Monroncy l>ill. Qucsada said, 
"merely plaecs a niiicii higher dollar 
figure on an outmoded approach, ’’ 

Other witnesses considered S575 mil- 
lion federal financing a inininnim. 
I'ixccrpts from testimony— all in support 
of the \fonroncr' bill— include; 

• Ait Ttaiis]x>rf ,^ssn. J. D. Durand, 
secretary and assistant and general 
counsel, said Quesada’s propose “ob- 
'ioiisly would represent a withdrawal 
by the federal goscrninent from the 
airport aid program, but it lacks anv 
supporting data indicating that it would 
be an ‘otderh’ one . , ,” 

• Assn, of Local & Territorial Air- 
lines, Joseph P, Adams, cxccntirc di- 
rector and general counsel, noted that 
the DC-5 replacement programs of the 
local airlines "in esety case will result 
in the use of larger aircraft requiring 
longer runways and more adequate air- 
port facilities than are presently asail- 
able in the majority of the smaller 
communities. To the c.xtent that the 
new larger equipment will provide 
more efficient operations, the federal 
subsidy to the air carriers will be re- 

• National Business Aircraft Assn. 
W'MIiam K. Lawton, exccntisc director, 
|)()lnted out that of tlic 6.098 airports 
available for business aircraft users, 
inilv 1,016 liavc paved runways and are 
ligli ted. 

• General Aviation Conncil. National 
,\\iation Trades ,\ssn. and .^ircr.ift 
Owners and Pilots Assn, urged tliat 
more federal aid be channelled into 
small airports. 


• Ait]>oit OjKratois Council. George 
Dement, vice president, reported tliat 
AOC members submitted requests for 
5129 million for Piscal 1959 but re- 
ceived federal airport aid of only S29 
million. Ilie 5175 million provided in 
the Monroncy bill for h'iscal 1960, lit 
said, “is not only justified but sorely 
needed, and vve believe that the h'.\.A 
eonid make almost immediate allocation 
of these funds.” He said stability in 
civil airport development was "seriously 
endangered" bv tlie President’s veto of 
a simiTar Nfoinoncy bill last year. 

• States. A- B. SlcMullcn, executive 


Washington— Compliance attorneys 
of tlic Civ il .Aeronautics Board ate com- 
pleting plans which they hope will 
break the “last of the big combines" of 
non-schedulcd air carriers offering sched- 
uled air transportation bv what CAB 
terms illegal pooling of their trip au- 
tboritiC’S. 

Action by C.\B examiner Merritt 
Rulilen. who recommended revocation 
of tlic interim supplemental certificates 
of Great I-akes .Airlines Inc, and Curtev 
.Air Transport. Ltd., climaxed a run- 
ing four-vear battle which C.AB's 
Office of Compliance ha.s waged in 
an effort to stamp out violations of 
frequency and regularity of service, 
improper ticketing procedures and im- 
proper controls by and among supple- 
mental air carriers. 

During the pa.st three ve-ars, the 
Board has succeeded in revoking the 
certificates of similar pooling arrange- 
ments by North American Airlines— 


director of N.itional .Assn, of State 
Aviation Officials, reqvic.sted that there 
be federal aid of "at Ic-.ist SlOO million" 
for 10 years. 

• Cities. Mayor W'illiam Ilartsficld of 
lAtlanhi, representing the U. S, Con- 
ference of ^!avors, declared that "each 
time tlic airport question has come 
before Congress, the spokesman for the 
President has been against whatever 
w-js proposed ... It is only witliin 
this week that the .Administration has 
made its first proposal for airport aid 
and this proposal is woefully inadc- 


inclnding the 20th Century Airlines 
Inc.. Trans American Airwavs, Hemi- 
sphere Air Transport and 'Trans Na- 
tional operating from coast to coast and 
the smaller Peninsular Air Transport 
Corp. and Aero Finance Corp, between 
New York and Miami. 

Convictions on these violations elim- 
inated these carriers from cligibilitv for 
interim su])p!cmcntnl certificates, which 
|)crniit non-sclicdnicd airlines to conduct 
10 Sights per month lietween anv two 
points (A\V .April H, 1958, p. 411 and 
presumably winild eliminate Great 
Lakes and Cuncy from any permanent 
certification as supplemental carriers 
under the pending Large Irregular Case, 
according to CAB attomevs- 

Along with the revocation recommen- 
dation. examiner Rnhicn also recom- 
mended a cease and desist order against 
six "Skycoach" agencies organized as in- 
dependent ticketing agencies but which, 
the examiner claims, arc controlled by 
Irving and Ida Ileniiann who own and 
control both Great Lakes and Ciirrev. 

Complaints filed bv the Office of 
Compliance in the Great Lakes Enforce- 
ment Case clia^c that the Hermanns, 
through their companies and agencies, 
have willfully combined the trip au- 
thorities of Great Lakes and Currev 
to offer almost dailv service on manv 
route segments and aided the provision 
of such service by the advertising and 
ticketing facilities provided bv the 
"Skvcoach" agencies. Scope of the 
C.AB’s investigation covered the period 
from .August. 1952. to Januatv. 1955, 
during which, the attomevs sav, the 
lltimaniis realized profits of S1.4 mil- 
lion before taxes in 1955-55, 

In reviaving their ease against the 
combine. C-AB attorneys say that a com- 
posite calendar analysis of the flights of 
Great Lakes and Cuncy show that 
service was provided between New York 
and Los Angeles cverv dav from Jiilv 
51. 1955, to June 30, ' 1954, with the 
exception of 66 davs. ’llic attornevs 
contend tliat the flights also operated 
into Philadelphia and Chicago to pro- 
vide daily service to these cities. 
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SHORTLINES 


►Acrolineas Argentinas plans to inaugu- 
rate transiitlantic and South America- 
New A’ork sen icc this spring using the 
first three of six dc llavilland Comet 
4 jet transports on order. The remainder 
of tlie Acrolineas' order is scheduled to 
be completed in 1960. 

► American Airlines' board of dia'ctors 
has authorized piymcnt of a dividend 
of 25 cents per sliare on common capi- 
ta! stock to be paid on Mar. 1 to stock- 
liolders of record on Feb. 1 5. The direc- 
tors also dcclired the regular quartcrlv 
dividend of 871 cents per share on 
51% cumulative convertible preferred 
stock also payable on Mar. 1 to stock- 
lioldcrs on record on Feb. 13, 

► Federal Aviation Agency Adminis- 
liator Flwood Quesada has announced 
formation of a five-man committee com- 
posed of leaders of the aviation industry 
to advise FA.A on matters pertaining to 
general aspects of aviation, llic com- 
mittee. which will serve for one year, 
will meet in \A"ashington four or five 


AIRLINE OBSERVER 

► Long-awaited introduction of Lockheed Eloctra arrived without impact 
because of strikes and simultaneous inauguration of turbojet service. As a 
result. Eastern’s first flights were slow-starters. For the first few days, average 
load factors on prime flights were in the 20s. Stcadv improvement has raised 
system load factor for the Plectra to 52.5% compared with 45.55% for other 
aircraft- New York-lloiiston flight has been hitting 71%. One competitive 
flight vvith National's Boeing turbojet has moved to an 86% load factor. 

► Aeroflot, Soviet state-owned airline, will chatter Tii-104 turbojet tran.s- 
ports to two British travel agents this summer for 15-dav jiaekage lours of 
Russia. Tours bcluding hotels, meals, transportation and sightseeing, will 
cost 5458 each. Agents claim Russian charter costs arc comparable to fees 
covering Brifisli ■hirboproj). Aircraft will operate from Stansted or Gatwick 
airports if permission to land at London Airport is not granted. 

► Boeing Airpl.ine Co. is modifviiig 707 prototvpe bv installing a glove on 
wing leading edge. Glove extends from inboard engine nacelle pylon to 
fuselage, forming obtuse triangle viewed from plaiifotm. Purpose of modi- 
fication is to delay Mach drag rise, permitting either higher cruise, or .same 
cruise at reduced power setting. Effective thickness of wing is not dhanged 
and onlv small increment of swccpback is added. 

► Airline issues on the New York Stock Exchange continue to show con- 
sistent strength, with Pan .American, Eastern and American showing the 
biggest gains, an indication that lurbinc-i>oweicd equipment is appealing 
to the investor. 


► Flying Tiger Line reports revenues of 
56,835.550 for the six-month period 
ending Dee. 1. Tliis represents a 40% 
gain over the same period of last vear 
wlien the total was 54,780,464. Decem- 
ber traffic reached 51,350,848 as com- 
pared with SS59.520 in December, 
1^57, a gain of 60%. Calendar vear 
1958 revenue totals rose 25% to $12, - 
112,117- 

► KLM Roval Dutch Airlines has re- 
ceived permission from the Soviet gov- 
ernment to raise the number of flights 
between Amsterdam and Moscow from 
one to two flights per week. .Aeroflot will 
also incicasc its flight cotrcspoiidingly. 


►Civil Aeronautics Board admits pressure from airlines for a restatement of 
the- agena's polia- on the jet .surcfiarge issue for North Atlantis fliglits 
(AW' fan. 19. p- 56) but is .still undecided wlicthcr to enlarge upon its 
policv statement of September which the industry describes as vague. 

► Development of aitcoacli seating capacity on domestic trunklines during 
1958 steadily ont])aced first-class categorv-. A'oUime of first-class scats offered 
during the rear remained about the same during the first 10 months. How- 
ever, aircoach ca]>acity showed consistent monthly increases ranging from 
10 to 25% exccjjt in November and Doeembet when both categories 
declined as a result of labor strikes. 

► .Alleghenv Airlines discount fare of 534% offered groups of 10 or more 
passengers has created a new salesman for .the aitticr— the travel agent. Gen- 
ctallv, travel agents show- little enthusiasm for selling tickets on local service 
airlines because of tlic low return on commissions. However. Allegheny’s 
plan offers the commission agent an incentive to plug local service travel. 


► Seaboard & Western Airlines flew 
1 > million ton miles of cargo and mail 
in scheduled trausatkmtic service dur- 
ing 1958, an increase of 21% over 1957. 

► Trans Texas Airvvav-s reports that it 
flew 66.901 passengers 1 5.751,696 
revenue passenger miles in the last quar- 
ter of 1958- December figures were 
22,7! 6 |3asscngers boarded, a load factor 
of 45.37. 


► Comnumist China's Civil Aviation Administration (CAC) plans to have 
at least 1,700 short-haul aircraft, mostly Soviet-designed An-2 bi|)lanes, in 
local service by 1962. Around 60 of the planes will be allocated to each 
)>rovincc. Red China built its first single-engine, 10-passenger An-2 in 1957, 
and the craft is now in quantity production. 

► No-show problem reappeared vvith the tight-space sihiation created during. 
December bv tlic grounding of .American and Eastern because of labor 
strikes. Without any penalty control over the no-show, carriers were forced 
to encourage heavy airport Maiid-by traffic as a means of protecting load 
factors. 


► United Air Lines has signed interline 
agreements with three South .American 
earners and two airlines serving Afghan- 
istan and Australia. The pacts make 
possible |3asscngcr travel or cargo ship- 
ment over United’s routes and those 
of each of tlic other lines with a single 
ticket or air waybill. 


► American Airlines has added about 350 lb. of insulation in the rear of its 
Boeing 707-120$ to help reduce engine noise. 

► Large Irregular Case has grown two years old since the examiner's opinion 
was rendered in Januarv, 1957. Oral arguments were completed in Novem- 
ber, 1957. and the case presumably has been in the opinion-writing stage 
during the 15 months since then. 


AVIATION WEEK, 


sruary 2, 19S9 


RECORD RATE OF INCREASE OF BRISTOL PROTEUS OVERHAUL LIFE 



2,000 

HOURS 

IN UNDER TWO YEARS’ SERVICE 


Bristol Proteus first entered airline service 
less than two years ago. Overhaul life on 
the 705 series has now reached 2,000 
hours — a rate of increase never before 
ach ie ved by any other engine, piston or 
gas turbine 


No engine of comparable power in service today 
has an overhaul life that even approaches this 
length. Annual engine overhaul costs for BOAC's 
Britannia 102 aircraft have now been cut by 75% 
since the aircraft went into service. 

sumpuon. Further increases will give Proteus 
even longer overhaul life, entailitig even lower 
operating costs. In addition, new versions of this 
engine— w hich already has a lower specific fuel 
consuraption than any other gas turbine in civil 
or military use— are now giving even more power 
at an even lower specific fuel consumption- 

Every day, all over the world, I’liiteiis-powi'iisl 


Britannias fly more than 80,000 miles (2^ million 
miles a tnonth), carryiitg passengers in quiet, 
8]rcedy luxury, carrying a great variety of freight 
loads, and briitgiitg profit to operators. 


Bristol 



Siddeley 



MISSILE ENGINEERING 


Navy, USAF Spur High Heat Metals Tests 


By Mieliacl Yaffee 

New York— Spe.irlieadcd by tlic 
Naw’s Bureau of Acronaiitics and tlie 
Air Foret's W'riglit Air Development 
Center, the iiiilitars's multipronged at- 
tack oil the derclopnient of high tem- 
perature materials for future aircraft 
and missiles is gaining momentum and 
eoncretc objectives. 

One of tlie most significant new de- 
velopments in this field is the cstab- 
lisliment of an Air h'orcc program for 
tlic development of a 2,s001' leading 
edge for hypersonic boost glide vehicles 
such as the Dyna-Soar- Contract calls 
for a heat-sustaining structure; that is. 
.1 leading edge which can maintain the 
required strength under anticipated re- 
entry temperatures of 2.500F for periods 
perhaps up to 10 min. without the aid 
of cooling devices, which would entail 
fairlv hcaw weight and reliability 

The contract also specifics use of 
existing structural materials in available 
mill forms. Prime contractor is the 
Space night Division of Bell Aircraft 
Corp. Beal's Wilfred II. Dukes, chief 
of structures on the Dyna-Soar project, 
is supervising the program whieli i 
scheduled t' 


eiit yi 
Here, briefly, ; 


) the end of tire 
c of the other 


noteworthv developments that have 
taken place recently in Ihc field of high 
temperature materials; 

• Bureau of Mines scientists have suc- 
ceeded in making the first mulvbdenum 
ca.vting. Regarded as a major metallur- 
gical hreakthruugli. the casting process 
will ptobablv first be used to make 
rocket nozzles and. later, more com- 
plicated structures. 

• Scientists arc making significaiat prog- 
ress in the fabrication of tungsten and 
bclienc tliev will be able to draw a onc- 
picec leading edge siiitalrle for hyper- 
sonic boost-glide vehicles in three to 

• Protective coatings for molvbdcnum 
are being developed in incre-asing innn- 
bers. High promise of some of the new 
ones coupled witli commercial avail- 
ability of molybdemmi mill products 
makes tlie material the leading current 
candidate for aircraft structural applica- 
tions at temperatures above 2,0001'- 

• New vacouni arc melting process has 
ojrened the door to proehiclion of large 
ingots of high purity tanbilum. Im- 
proved ductilitv, lower cost and higli 
melting point of the new material, say 
some metallurgists, makes tantalum an 
important contender among high tem- 
perature metals. 

• Continuing development and im- 
provement of methods for building 



Honest John Field Missile inspected 

Metal part assembly of Douglas Honest John smlacc-to-smfacc field missile is readied for 
inspection at the Orange. Tcx„ plant of Amccican Bridge Divisiot. of U.S. Steel Corp. 
Unit is sliipiicd to an Army arsenal after final inspection. Honest lohn has a 6,000 lb. 


Stronger materials has led to three tech- 
niques which presently show ntucli 
promise for high temperature structures. 
I'licse arc dispersion hardening, filrer 
rcioforccnient and sandwich structures. 

• Recent discoveries of extensive ore 
deposits have greatly boosted interest in 
niobium, vvliich has a comparativclv low 
density and promising higli temperature 
properties, I'lic metal, in fact, is now 
rated bv some metallurgists second only 
to molvbdeuum as a enrrent clioice 
among refractory structural materials. 

• Researchers arc itrvestigaling a mate- 
rial with tire liighcst known melting 
point of any solid— approximately 
fi.9201'‘. It is a four to one mixture of 
tantalum carbide and hafnium atrbide. 

• Extensive work is now under wav on 
the investigation and dewclopmcnt of 
new alloy systeans including such com- 
binations of refractory metals as tung- 
sten-rhenium and tantalum-osmium. 

• Experimental molybdemmi structures 
have been rlcvclopcd which have suc- 
cessfully withstood temperatures to 
-f.OOOF for brief periods without benefit 
of prote'ctivc coatings. 

• Materials processing is adv-ancing 
rapidlv. 'lilt development of new 
processing tools, techniques and facili- 
ties such as plasma jets, electron beam 
melting and tlic Navv's inert fabtic.i- 
tioii pilot unit is resulting in the pro- 
duction of purer, stronget and more 
workable metals and alloys. 

Structural Requirements 

■Hie reason behind this mooniing 
inctallurgie-jl activity is the miliiatv's 
increasinglv urgent need for new struc- 
tural materials which can meet the de- 
sign requirements of the fiilure genera- 
tions or aircraft. 

The development of such materials 
is, in fact, considered by many engineers 
to be a prerequisite to the development 
of advanced aircraft. In the words of 
Maj. Frederick C. Krug, Headquarters, 
US.AI' .Air Research and Development 
Command: "The revolutionary vehicles 
contemplated by the .Ait Force to main- 
tain qualitatively superior airpovver await 
revolutionan' dev clopmcnt of vastiv new 
or improved lightweight reliable struc- 
tural materials stable to the extreme 
pimivluiiciit of these enviromnents.” 

The ciivironmcnts refened to are 
those produced by extrenre heat, high 
altitude, radiation and corrosion. 

Of these, presently the best known 
and most pressing problems arc created 
bv the extreme licat that is anticipated 
during high speed flight. 

Tire rcvolutioiiarv inililarv weapon 
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systems contemplated bv the Air Force 
arc broken down by hlaj. Krug into 
three broad categories: hypersonic 

strategic veliieles, ballistic vcliicles and 
satellite vcbicles. 

In the case of the hypersonic strategic 
vehicle as exemplified by the boost glide 
aircraft or tlie by jiersonic bomber, flight 
times will be measured in hours, and 
speeds at tiic Macli 10-and-abovc level. 
And it is here that some of the most 
intense liigh temperature problems will 
be enciiuntered. 

Intense Heating 

During the boost phase, the hvpcr- 
sonic bomber w ill be subjected to brief 
hut intense aerodynamic heating that 
will thermally shock flic structure, tn 
the course of its flight, a large hvpcr- 
soiiic bomber may have to sustain a 
total lie.it load of almost one million 
Btu hr. 

It will be soaked with temperatures 
above l.OOOI'", while maximum tempera- 
tures may approach 2.500F, 

Another Air l''orce scientist. I. Perl- 
mnttcr of WADC Atatcricis Laboratorv, 
estimates that the stagnation tempe't- 
atutc at the leading edge of a boost 
glide vehicle during re-entry may run 
anywhere from 2.260F for a vehicle 
with a i-in. radius leading edge follow- 
ing a tclafivelv low speed, re-entry 
fliglit profile to 4,090F for a veliiclc 
with a 1-in. radius leading edge follow- 
ing a high speed, re-entry fliglit profile. 
'Fhc actual material temperature of the 
leading edge will be lower, of course, 
but only by an estimated 200 to -tOOF. 
Not Now Available 

There arc no structural materials 
now available— and this includes the 
super iilhiys-which are capable of main- 
faining useful strength at these temper- 

It is possible, of course, to design 
around the high temperature problem 
bv using such schemes as regenerative 
cooling, insulation, hc.it cxcliaiigcts, 
protective coatings, double wall con- 
struction. etc. 'These techniques are 
alrcadv being used in many missile and 
aircraft applications, and new mctliods 
for minimizing materia! temperatures 
are continually being investigated. 

But in the case of the hvpcrsonic 
bomber, as Maj. Krug points out. cool- 
ing of even the best heat resistant 
materials available today would entail 
almost prohibitive weight penalties in 
insulation, coolant and cooling equip- 
ment. In addition, the complicated 
plumbing and other involved aspects 
of such an arrangement would take a 
hcaw toll in rcliabilih’. 

What is needed, as far as the Air 
Force is concerned, are new frame and 
skin materials capable of maintaining 
their strength at 2.500F togetlier with 


leading edge materials lliat can serve 
at liighfr tcinpcr.itiires. The Navy, 
sonrevvliat more modestly , is calling for 
the development of new allov systems 
for structural usage at temperatures of 
2.000F and up. 

'The 500 deg, difference between the 
services in setting their lower limits is 
neither adamantine nor sigiiificmt. The 
point is that both groups are looking 
tor new structiiral materials to take 
over where the best of the presently 
availalilc materials leaves off-some- 
vvherc close to 1.900b'. 

To get these new materials, the Navy 
and .Air I'circc along with other govern- 
ment groups arc sponsoring an exten- 
sive resoarcli ptograiii aimed at tlie 
development of the refractory metals, 
which maiiv metallurgists consider to 
be the best structural bases attainable 
for extreme high temperature applica- 

Super-Temperature Metals 

I'hc refractory metals as such do not 
fall into a specific material group or 
classification. For working purposes. 
N. E. Proniiscl. head of the iiiatcricls 
branch in the Navy Bureau of .Aero- 
nautics, defines them as metals which 
have melting points above 2,000F. 
(I'or a rather tough approximation, 
metallurgists gencrallv peg the useful 
operating teiiiperatua' of a metal at 
slightiv better than h;ilf its melting 
point- 'The use of alloying elements, 
often can extend this as high as 80%). 

By virtue of mettiiig point alone, 
well over a dozen metals then could 
qualify as refractory. From a practical 
engineering viewpoint, however, ail but 
four or possibly five of these can be 
eliminated from serious consideration 
as potential base metals for extreme 
high tenijier.itute alloys systems, be- 


cause of such factors as unusually high 
cost, small growth potential, unavail- 
ability. extreme brittleness or low 
strength. 

This leaves tungsten, tantalum, 
iiiolybdcnuin and niobium as the re- 
fractory metals of greatest current in- 
terest. Chromium, which falls just 
above the defined lower temperature 
limit and shows little growth potential, 
is also licing given serious cuiisidenition 
because of its superior oxidation re- 
sistance. 'ibe others such as osmium, 
rhenium, luthciiium and iridium are 
being considered oiilv as alloying ele- 
ments owing to tlieir scircity ;hid high 
cost- 'I'here is, fot example, only .001 
gram/ton of rhenium, rhodium, iridium, 
osmium or ruthciiium available in the 
earth's enrst as compared with 50,000 
gram/ton for iron or 81,500 gram/ton 
for ahimiiium. 

And the costs run from S500^b. for 
ruthenium up to about S2.000 'lb., for 
iridium. 

Cost is always an important factor 
in the selection of a material, even in 
tlie manufacture of sucli exotic vehicles 
as hypersonic bombers. While it is 
difficult to set any exact figures, par- 
ticularly in the ease of weapon systenis, 
a mimlicr of estimates liavc been made. 
One ealculation is that a manufacturer 
can afford to p,iv SI. 000/lb. for any 
metal that will save one pound of empty 
weight in the finished aircraft. 

High Costs 

Frederick D. fevvett, staff engineer 
at 'Flic Martin Co., and others in the 
aircraft field, say that the foregoing 
calculation is somewhat optimistic. 
Jewett savs the aircraft industry cannot 
afford to pay more than SI, 000/lb., 
installed, for any metal. By the same 
token, he calculates that the high in- 
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CAPABILITIES FOR DEFENSE 

Westinghouse is spending $185 million 
for research and development in 1959 

HERE ARE SOME CURRENT PROJECTS.., 
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Another Tough Job 

Above you see an extremely complex body section of a 
missile being finish machined on a horizontal boring mill. 
You are looking at another Intricate example of Diversey 
skill and craftsmanship, A visit to our plants would show 
you many comparable jobs that would astonish you. 

At Diversey you have the LARGEST FACILITIES exclu- 
sively devoted to your missile metal machining problems. 
You work with fast, precise, and progressive technical 
people who know what works and what won't. Bring your 
tough jobs to Diversey. 



HYDROSPiNNING 
NOW AVAILABLE 


:e Intricate missile pi 



LBADIRS IN CONTOUR MACNININO 

I^U/GCSBCf ENGINEERING COMPANY 

I 10650 WESTAN06RS0N PLACE 


FRANKLIN PARK, ILLINOIS • 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS-WITH PRECISION BUILT IN 


stalled costs-in which lie iiicliielcs the 
the cxpciiic of safclv mcMMitcs requited 
ill fabrication, the difficulty of fabrica- 
tion, ctc.-of materials, such as bcrvl- 
lium and the rarer refraetim metals 
uill limit their use to specialized appli- 
cations sucli as leading edges and heat 
sliields where nothing else will do. 

Molybdenum Technology 

Of all tile refractors metals, molyb- 
dcmim is. perliu|)s, recciiiiig the most 
attention today as a potential aircraft 
sliiichiral material. One of the major 
iL.isons for this is the great amount of 
work tliat alreadv has gone into the 
dcielopmcait of the metal under the 
coordinated .sponsorship of the ,\ir 
I' ora' and the Nase’s bureau of .\cro- 
ii.iuHcs and Office of Nasal Research 
sitirc the Nasv initiated its molyb- 
demim re.scarch and development pro- 
gram in 19-ffi. 

•As a result of this, molsbdemim and 
iiiolsbdenum allov technology is ennsid- 
eralily more adsanad than dcselop- 
ment of the other rcfr.ictory metals. 
.\nd at the |itcsent time, says the N'asy's 
N. K. Ptomiscl, molybdcmuii alloss ex- 
hibit the liest oser-all combinatiiai of 
proiicrtics of all the refractors' metals for 
iiigli temperature sers'ia. 

Todav, molybdenum and molsh- 
deuum alloss arc conimereially .isail- 
.ilile in mans- forms indiiding plates, 
siicets, Isus. ss'ires and tubing. Costs 
are less— considerably less in many eases 
-than those of the other refractors- 
metals; forging billets east about 
SlO/lb.; bar slock S12 to S20/lb.; and 
sheet, amwhcte from S20 to SfiO/lb. 
'Ihe metal is machinable and can be 
fabricated bs the consentioual proc- 
esses of forging, rolling, drassing and 
spinning. 

Molybdenum Costing 

Reccntls, in what is regarded as a 
significant technologieil dcvelo|)mcnt. 
metallurgists at the Hiireau of Mines 
liibor.itors iii .\lbany. Ore., succeeded 
in making first molybdenum easting. 

Initial castings are expected to be 
lelatiselv simple rocket nozzle shapes, 
ssitb iniire imolsexl stnictiires coming 

This deselopment, husveser, is still 
at a icrv earlv stage. So far. Bureau 
of Mines scientists li.ue been svotkiiig 
cmlv with straight molsbdcnnm and 
hasc not vet had a chance In experi- 
ment with the molybdenum alloss. 
Too. there is no way yet of telling ss hat 
or how good the properties of tlie cast 
molvbdcnum shapes will be and this 
is the most aitic.il factor in the esahi- 
alion of anv fabrication deselopment. 

I he other thing to rcmcmlsct. say 

gioiip nfiich made the first successful 
titanium casting about two years ago 



Transporter-Erector Positions Polaris 

Mobile traii5|iortt'ra:iector is used In positiiiii laickliccd I’olaris .\X-1 flight lest s-ehiclc 
at Cape Caiiaveral. l-'la- lamidi pad (above). .\X-1 test scliicles ate the latest in ,i series 
of missiles dcvelopeil lor H. S. Navy by Missile Sssicms Disision of Izickbced .\iiecaft 
Corp. .\cecss timer at right is movcrl into |Hi5itioii (belim) sslieii missile has icacbed its 
ereelcd stage (,\W Jan, 26, p. 27). 1‘iibris is a solid-propellant fuel mivsile designed foi 
a range of about 1,500 mi. and will he fired from under water. Of 26 Polaris test vebiele 
firings, 22 have been fully snccesshil. laickbecd said. 
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and tliiit cuniinaciiil filaiiiimi castings 
ate only now beginning to appear on 
tlic market. 

But if the new inolybdeiuiiii castings 
do pro\c tlieinsels’es, says Dr, Janet 
Briggs, technical director of Climax 
Molybdenum Disision of Antcrican 
Metals Climax, Inc., then the way is 
open to more simple and economic fab- 
rication of nioljbdemim and its alloys. 
At present, for example, to make a 
.structure such as a rocket nozzle, the 
inolybdcmim is first compressed into 
large billets by powder nictallnrgy 
tecTmiques or arc-cast into ingots. In 
the case of the pon der inetallnrgs prod- 
ucts, the billets ate then sintered, 
forged into the desired shape, and the 
forging is machined to specification. In 
the otTier approach, the arc-castings are 
first cxtrtnded, then forged and ma- 
cliined. With the new casting process, 
a fabricator will be able to bypass the 
'iiiirnng ,ind forging steps of the 
former or the extrusion and forging of 
the latter, 

'Iherc ate. of tonrsc, other fabrica- 
tion problems that still remain to be 

Oxidizing Problem 

Like most of the other refractory 
metals, molvhdenoni oxidizes rapidlv 
at the derated temper.iturcs required 
for fabricating the metal in its true hot 
rrorking ninge. 

In an effort to sohe this problem, 
Bu.Acr rcceiitlv awarded Unirersal- 
Cyclops Steel Corp. a S5-million con- 
tract for the construction of a pilot 
plant which will be used to derclop 
methods of fabric.iting the reactive, 
lefractorx- metals in an inert atmosphere 
(AW Dec- S. p. 61 ). 

ITie experimental Bureau of Mines 
c.istings are being c.irticd out in an inert 
atmosphere. 

riie ready oxidation of molybdenum 
also coirstitutes the most serious draw- 
back to the metal's use in Irigh speed 
aircraft. In recent inontlis. a number 
of groups including National Bureau 
of Standards, General Electric, Natioiuil 
Research Corp., and Battdic Memori.il 
Institute have developed protective 
coatings for the nvetal and its allovs. 
Some of these coatings, now under 
evaluation bv the militarv, tcportcdlv 
show much promise in extenrling the 
present temperature and time limits of 
molvbdemim. 

Turbine Applications 

For some time now, aeronautical 
engineers have been very much inter- 
ested in the use of molvbdenum in gas 
turbine applievitions. Here, the prob- 
lem of protecting the metal becomes 
even more difficult, for in addition to 
the oxidation problem, the metal is 
exposed to such factors as erosion, liigh 
stress .ind thermal cv’cling for extended 


ixrinds. But even this problem seems 
ri) be on its way to a solution vvilh word 
that Cencnil Electric has succeeded in 
running a jet engine with molybdenum 
turbine buckets, protected by a five- 
lavct cladding, for more than 500 hr. 
at tcm|)eratures in the 2.000E tegion- 
Short-Time Uses 

But perhaps the most significant 
development in regard to inolybdenum, 
according to a spokesman for .American 
•Metals Climax, a leading producer of 
structural molybdenum stock, has been 
the recent shift in interest from long 
time-moderate temperature applications 
to short, tinie-liigh tcnipcr.iturc uses for 
the metal. 

Unprotected molybdenum is now 
being used in rocket nozzles for sliort 
time service at temperatures ‘'consider- 
ably in excess of 5,000K." Kxpcrinienlal 
units of molybdenum, still in the 
iaboratorv stage, have been developed 
which liavc withstood tcniperatiircs 
close to -1,0001' for brief periods witlv- 
out protective coatings of anv kind. 

In the alloy field, American Metals 
Climax researchers have developed 
expcriincntal molybdenum alloys with 
tlic extremely high lOO-hr. rupture 
strength of 70,000 psi. at 2.000E. .As 
a class, molybdenum alloys are supe- 
rior to most other metals on the basis 
of their higli strength-to-weight ratios 
at temperatures above 1.600F, 

Another noteworthy event is a pro- 
gram now underway to develop molvb- 
denum honeycomb for potential high 
temperature service in high speed air- 
craft wings. This program is still ton 
early in development for any conclusive 
results, but its backers have high hopes 

Along somewhat different lines, 
Marquardt Aircraft is planning to bulk! 
a molybdenum ramjet engine. Design 
speeds are expected to result in mate- 
rial temperatures above 2.000F. 
Molybdenum Leading Edge 

Of all the potential aircr.ift applica- 
tions of molybdenum, it is the possible 
selection of the material for use in the 
.Air l''orcc's 2.500F heat-sustaining lead- 
ing edge program that is. perhaps, cut- 
rcntlv generating the gre.itest interest, 
patticuhlrly among molvbdenum mami- 
factiircrs who would like to display their 
wares in this hypersonic showcase. 

There is little doubt that the metal 
could take the 2.500F temperature. 
The question, savs Bell Aircraft's W'il- 
fred H. Dukes, is "how long can molvb- 
denum take it?" Depending upon 
man's ability to withstand dcccler.ition 
forces, tlie re-entry pliasc for a boost 
glide vehicle such as the Dvna-Soar mav 
last annvhcrc from 15 to 50 min. Anil 
for periods this long, Dnkes doesn’t 
consider molybdenum a good candidate, 
at least not vvitliont some better protcc- 
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five coatings than he has .seen In date. 
(Not to dismiss some of the newer 
molybdenum coatings too lightly. Dukes 
points out that coatings suitable for one 
application often may not be suitable 
for another, particularly one siicli as a 
leading edge.) 

At the simc time, Dukes admits, if 
lie were forced to make a choice now 
among the refractorv metals for his 
Ic-.uling edge, lie would choose molvbde- 
num first and niobium, perliaps, second. 

Niobium has better oxidation resist- 
ance than inolybdenum. but its strength 
falls off faster at elevated temperature. 
-At 5,0001' there is little question that 
molybdenum would make tlie better 
striictiirai material, .savs Dukes; and at 
2.500F, he would still prefer molvbdc- 
imm for its strength. But at this point, 
he says, the choice starts to get fuzzv 
and could go either w-ay. depending 
upon whether llie engineer prefeis mo- 
lybdcmnn’s strength or niobium's oxida- 
tion resistance for his particular ncx'd. 

Its high densitv-about 6051 greater 
than that of niofvbdcmim and almost 
100% more than that of niobium- 
argues against the use of tantalum. And 
in the absence of any strong offsctHiig 
advantages, Dukes secs little |)oint at 
this time anyway of giving the metal 
much thought as a leading edge candi- 
date. Similarly, chroiniimi is Ixing 
given little consideration bv Dukes, due 
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I’ung.vten he would have to consider 
unacceptable at this time bccau.se there 
has been no tc-al work done on develop- 
ing protective coatings for the materiiil. 
On the other hand, given three to five 
years in which to make the choice of the 
best hc.it sustaining leading edge mate- 


rial, Dukev s.iys, it should prove inter- 
esting and worthwhile to work on pro- 
tective coatings for tungsten- In this 
period- with anvthing like the effort 
licing spent on molybdenum ctnifings. 
he believes researchers could come up 
with a co.iting that would protect tung- 
sten and make it the best choice for a 
high temperature leading edge. 

'Hicrc arc, of course, other problems 
involved in a program such as this one; 
for example, there is a critical lack in 
essential data on these comparatively 
little known metals which among other 
things leads to a lack of uniformitv in 
the properties of materials. Too. con- 
ventional design ideas, in manv in- 
stances, no longer hold for the.se mate- 
rials; engineers must be prepared In 
throw aw-.iv "the book'' and rollon as 
their individual |jrogranis dictate. 

'Ilicre are also the probicin.s of high 
cost and difficiiltv of fahric-ation. But 
Dukes doesn't eimsidcr any of these 
obstacles insurmountable; and. he 
points out. when vou require the un- 
usual properties offered by the refractory 
metals, you must be prepared to piy 
somevvlicrc along the line. 

'I'he attraction of tungsten, of course, 
is its high melting point— the highest 
of any known metal. .-As a pure metal, 
says Dr. Russel II, .Atkinson of AVc.sting- 
house Electric Corp.. tungsten has the 
best high temperature properties of any 



Novel pump design provides non-leak, 
non-corrode, assured performance; features: 

• No stuffing boxes • Non-agitating 

• No shoft seals • Self-Priming; high-vocuum 

• No valves or gaskets • Flexible liner absorbs 

• No metol parts in contact abrasive action of 

with fluid suspended solids 

• Non-contaminating 

Now at last comes a pump designed to give you complete 
protection against leakage, corrosion, contamination, 
abrasion, maintenance problems. 

Operating on a radically new design principle, which 
eliminates stuffing boxes and shaft seals, the Vanton 
pump is a low-cost, versatile, simple yet carefully engi- 
neered unit, problem-tree with minimum maintenance. 
Cotalruclion malerials include PVC, high-temperature 
polyethylene, Teflon (DuPont), Buna N, bakelite, or 
stainless steel, in capacities from H to 40 GPM. 
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of tlic rcfraclon' metals fot structural 
applications at temperatures abose 
2.500F and below its melting point. 
Dr. Atkinson is working on the prob- 
lem of realizing these properties with 
the aim, eventually, of making tungsten 
.1 practical alloy base for high tempera- 
ture aircraft stnsctural materials. 

This could prove to be a hard job and 
a fairly long one. Westinghouse has 
established base line data on the metal 
at various purity levels and at tempera- 
tures above 2,200F. Its present contract 
with the Air Force calls for making the 
properties of tungsten more attractive 
at 2.500F. The next step is expected 
to be alloy development and after that 
will come learning how to fonn the 
metal into desired shapes. 

For a long time fabricators have been 
drawing tungsten into wire filaments. 
But it has been only comparatively re- 
cently that companies— notably Ameri- 
can Metals Climax. General Electric 
and Westinghouse— have learned how to 
make milled and cast tungsten products. 
This is opening up a field of shapes that 
was never open before and also a lot of 
pmhlcms. 

Tungsten Herd to Work 

Tungsten’s high strength, an impor- 
tant structural advantage, proves a dis- 
advantage when it comes to finding 
other materials strong enough to be 
used in the shaping of the metal. The 
ready oxidation and reactivitv of the 
metal at high temperatures also makes 
it difficult to hot work the metal at the 
proper temperatures. The inert fabrica- 
tion facility now under construction fot 
the N.ivy slioiild help solve some of 
these problems. 

At present. Dr. Atkinson savs, no one 
has the equipment or techniques for 
fabricating tungsten in large sizes. Both 
will have to be developed. But the very 
high costs that are anticipated for large 
tungsten fabrications will probablv make 
them prohibitive fot anvbodv but the 
inilitarv’. Thus, Dr. .Atkinson points 
out, any company that takes a contract 
to develop techniques and equipment 
for fabricating large tungsten shapes 
will do so with a close eve to potential 
piitcliasc orders. 

Dr. Atkinson believes that tungsten 
has an excellent chance of being chosen 
as the heat sustaining leading edge ma- 
terial, but a lot of work will have to 

S o into the field first. Drawing a wire 
lament is one thing; rolling or forging 
a leading edge for a vehicle such as 
the Dyna-Soar is quite another. A big 
|)roblcm, for example, will be in trying 
to roll or forge it in one piece so as to 
avoid a patchwork affair that must be 
joined together. By piling the work on, 
however. Dr. Atkinson bi^ievcs it would 
be possible to have a suitable tungsten 
leading edge within three vears. 

Like Fred Jewett of Martin, Dr. 


Atkinson sees the high-priced refractory 
metals only as specialty materials, lim- 
ited mostly to applications where no 
other material will do the required job. 
To some extent, this is becoming true 
for all aircraft materials. The time has 
passed when one material can dominate 
the aircraft field as aluminum did in 
the past. Today, he says, different ma- 
terials are selected for the temperature 
ranges they can best serve. 

The particular application range for 
tungsten, as he sees it, is quite large. 
Starting at 2.5001', by proper alloy- 
ing. he sav?, it will prove possible to 
extend tungsten's useful temperature 
ranee to within 75% or 80% of its 
meUiiig point, that is, almost to 
5.000F. AA’ith the possible exception 
of graphite and the refractorv interstitial 
compounds such as transition metal 
borides and carbides, there is nothing 
else that can stand up to these tempera- 
tures. And while tungsten is considered 
very brittle, the cermets are considered 
even more so, showing up very poorlv in 
regard to thermal shock, mechanical 
shock and notch sensitivity- WTicre 
materials arc required for application 
at temperatures above 5.000F, of course, 
it inav’ well become ncccssarv to put 
up with the disadvantages of the re- 
fractory cermets- 

As far as tungsten’s high density 
goes. Dr, Atkinson and others don't 
consider it a major drawback. Thev 
feci that the niaterial’s high strength 
will pemvit the metal to be used in 
very thin, lightweight sections. 

Everybody is impressed by niobium 
(or columbium, as it is often called). 



declares Dr. Atkinson, as long as they 
stay within the temperature limits of 
the material. 

It is fairly generally agreed that 
2.500F is just about the upper limit 
for the application of niobium, while 
the more favorable temperature range 
for tlic use of niobium or niobium 
alloys may be around 2,000-2,200F. It 
is in this lower range that engineers 
arc now giving serious thought to the 
use of niobium allovs in jet engine 
buckets. At 2.000F, it is felt that nio- 
bium’s strengtli is competitive with 
that of tnolvbdenum while the higher 
oxidation resistance' of its alloys gives 
it a definite advantage over the latter. 

Until rcccntlv, the apparent scarcity 
of the metal proved a major drawhack 
to its development. Now, however, dis- 
coveries of extensive ore deposits of 
the metal are generating growing inter- 
est in niobium. 

E. I. du Pont dc Nemours and Co., 
Inc., for example, rcccntlv announced 
the development of high purity nio- 
bium and new high strength niobium 
allovs which are being produced in 
cxi>crimental quantities. In the hope 
of stepping up production of the ma- 
terials, du Pont has signed an agree- 
ment with Ihompson Ramo Wool- 
dridge for a joint development program 
ainved at exploiting the metals potential 
in aircraft and missile applications. Du 
Pont will supplv Thompson with new 
niobium allovs and 'Ihompson will de- 
velop forging and other fabrication 
techniques for the metals to fit them 
fot the aircraft industrv. 

Major Interest 

Another companv with a major in- 
terest in the commercial development 
of niobium (and most of the other 
refractory metals) is F.instccl Metallur- 
gical Corp. which has been supplying 
niobium in the form of powder ami 
vacuum-sintered bars for sonic time 
now to those who ate interested. 

Kept rcasonablv free of the common 
gases— nitrogen, liydrogen and oxvgen- 
which tend to embrittic tlic metal, 
niobium displays unusual vvorkabilitv. 
according to du Pont metallurgists who 
liavc reported cold-rolling of a 1 lh„ 
J-in. niobium ingot into foil .001-in. 
thick without annealing. 

Like the other refractory metals, nio- 
bium requires some protection against 
oxidation at elevated temperaturcs- 
Wnrilc its strength falls off rapidly at 
elevated temperatures, its low density- 
lower than that of all other refractorv 
metals except clitoinium— keeps the ma- 
terial fairly competitive with the other 
metals at temperatures in the neighbor- 
hood of 2.000F. 

Phase diagram studies on niobium 
binary systems have up until now been 
prevented by the low quality of avail- 
able material. Tlic advent of high 
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puritv iiicibiuni now makes such studies 
-essential for gathering important fim- 
damentai data on material properties— 
possible and should lead to significant 
new information on tlic metal. 

In a recent study on the develop- 
ment of niobium biisc allovs conducted 
for A\’ADC by Richard t. Begley of 
Westinghouse, the author concludes 
that the rccrystallization temperature 
range, an important factor in detemiin- 
iiig the high temperature strengtli prop- 
erties of metals and alloys, of commer- 
cially pure niobium is approximately 
cqniiMlciit to that of unalloyed molvli- 
deiiuin. Begk'v’s comnietciallv pure 
material, however, had a relatively high 
zirconruni impuritv which was found 
to have a pronounced effect in raising 
the recrv-stallization tcnipcraturc of the 

Tantalum's Characteristics 

Tantalum, the sister element to nio- 
Ilium, Iras alteadv found appliciitinns 
in tlie clieinical industrv because of its 
higli resistance to cliciiiio.il corrosion 
iiiid in the electronics industry liecausc 
of its high di-elcctric value. But it lias 
so fat iiad few uses in the m iation field. 

Like iiiohiuiu. tantalum has a rcla- 
tivclv low nioduins of elasticity density 
ratio. Unlike niobium, it is very heavy. 
It is almost as licavv- as tungsten hut 
docs not offer the Siiuie high strength 
advantages that tire latter does. .And 
while it ha.s good corrosion resistance, 
like the other refractory metais. tanta- 
lum needs liigli tcnipcrature protection 
against oxidation. 

Too. until recently, faiitaiiiui has 
been as'jilahic onlv in small ingots pro- 
duced hv- V.ICIUUII .sintering, resulting 
in liigh fabrication costs. Now. how- 
ever. Nation;il Re.se-arcli Corp. is pro- 
(Inciiig large |110-!h.) ingots of high 
purity tantalum that arc expected to 
significantly lower fabricatiim costs. 
'Ilic high pnritv of the ingots also re- 
sults in gre-utcr ductilitv of the iiietai, 
S.1VS National Resc-.irth,' which permits 
tlic ingots to he reduced to t-nifi-tlrick 
foil witiiont intennediate annealing. 

Taiitahnu’s eorrositm resi.stance is of 
siiiiie interest to fire aircraft iucinstrv 
and has itcl, in a ratiier recent develop- 
ment. to the uictars use in rocket 
nozzles. 

However. Dr. James IT Gardner of 
National Rescarclv Corp. believes th.it 
lantalum’s extreme e-.iso of f.ihric-aticiu 

ill large measure a result of tlie im- 
proved ductility of the new liigli puritv 
ingots now being produced- in com- 
liinatiim with its high melting point 
makes tlie metal attractive for ali appli- 
Viitioiis above 5.5001''. .Altliough there 
lias been no actual experimentation 
vet, savs Dr. Donald J. McPherson of 
Armour Research P'ornidatiou, taiitalvini 
alloys may prove stronger at very high 
teniperatures than any pt05|)ective stme- 


Polaris Thrusit CiiloiT 

Los .Angeles— Timist cutoff in sulid- 
propellant rockets can be controlled with 

rockets'! according to L, l'aigcnc*Rnol. 

Lockliecd Missile ^Svstcius Divisinu, 
Smmyv-aU:, Calif. 

. . In tlie last few months wc liave 
gone fat ill «>lviiig tlic technical piub. 
Icms of coim-rtiiig the earlv suliH-fucI 
rocket Into a fully controllable power- 
plant. For cNaniple. in the |imblcm of 
temiinatiun of thrust at the correct iii- 

faced with a cmnplctcly different situa- 
tion fcoiii tliat of the liquid rocket. 

a valvc.'\' c can now, as a result of out 
recent dcvelopniciits, cut off the thmst 
of a solid fuel motor with evvn gmter 
precision than anv liquid nreket we know 
of. 

"The use of the riwkct moloi thrust 
fot control is particularly slgnificaiit in 
the Polaris vehicle, since the necessity 
fot iindctnalct laimcU has com|>clled ns 
to use a bird which is aerodvnamiealiv 
unstable . . .’’ R>»>t declared at tho 
chatter incetiiig of the New Cliaimcl 
Cities si-ctkiii of Hie InsHhitc of the 
Aciuiiautical Sciences, rn Ventura. Calif. 


tural mctiil except tungsten. With tlie 
recent avvattl of contracts for vvork on 
tantalum iilloys, AA'right Air Develnp- 
nieiit Center is lx.'gimiiiig to take a 
serious look at the metal. 

Both chremiium and vanadium fall 
close to the lower temiierafure limit 
arbitrarily set for refractory metals. 
Heretofore, there has been little inter- 
est in the development of these metals 
vvliich have jiroven extremely liriltle 
in the forms that have been available. 
Pure and Ductile 

Recenllv, vanadium has licconic 
avaiialiie in a f.iitlv pure and ductile 
foiiii. 'Ihis niav lead to greater interest 
in tlic metal vvhicli is still being pro- 
duced onlv in small quantities and at 
fairlv liigli prices. However, vanadium 
still oxidizes almost c.itastropliicalh'. 
at tciuperatures above 1.225F. M'liilc 
alloving is expected to improve its high 
temperature strength, it is believed that 
tin material will still require the dcvel- 
u|imciit of good ijrotective cixitings 
licfore ,mv serious interest is generated 
in the .lircraft industry over the met.il. 

Clitoinium, on the other hand, is 
rcceii'iiig some attention from the iii- 
dustrv owing to the superior oxidation 
resistance of its aliovs. and a research 
program is now imdcnvay on the de- 
vclo|)mcut of clitomiuni and chromium 
alloys. However, Begley of W'esting- 
I'ouse feels that the generally poor 
vvorkabilitv and low ductility of chrom- 


ium base alloys still presents serious 
ulishicles to their engineering appli- 

!ii any ease, as WADC's 1. Herlmut- 
ter points nut, insufficient growth 
lioteiitia! will eliminate botli metals 
from serious consideration as refractory 
niatetials, at least for the time being. 
•Any potential structural applications 
lor either metal probably would be well 
under the 2,0001'’. mark. 

Too Expensive 

'lire rest of the refracturv metals— 
rhenium, osmium, ruthenium, itidinm, 
and rliodiuiii— .ire much too scarce and 
expensive to be considered for use in 
a pure shatc as structural materials. 
However, many of them have been 
attracting a lot of attention of late fot 
their potential value as constituents in 
liigh temperature allov svstems. 

Recently, fur example, an alloy was 
developed eonsisting of 55 atomic per- 
cent tneiiium in molvhclenum wliieli. 
says tile Navy's N. K. I’roiiiisel, pro- 
duces a iiromising higli strength mate- 
rial with a high recrystallization tem- 
|>cratnre and low ductile transition 
temperature. .Also, the new' allov is both 
cold and hut workable. 

Examples such as this have encour- 
aged the military to sponsor fairly 
extensive research on allov development 
involving the refractorv metals. Much 
of this is .vtill of a rather basic and 
prcliiniiiarv nature. Under an Air Force 
contract, for example. Nuclear Metal.s. 
Inc., i.s doing phase diagram studies 
on tiuigstcn-nifheniuiii, tantaluni-ruthc- 
iiiiim and taiitahim-osmiuni systcms- 
Others are doing phase diagram work 
on tantalum-rhenium, temgsten-rho- 
uimn. tiuigvten-nsininm. imilvbdemmi- 
hafniuin, inolybdcnuni - hafnivun - rhe - 
uimii. niohimn-rhenium and tungsten- 

Phasc diagram studies, as Lester 
knciii of Nndeat Metals explains them, 
coiistiinte fairlv Isasic nict:illut|ical ic» 
starch, l liev arc good, almost essential 
starting points for work on any alloy 
s'steni. Thev yirovidc tlic metallurgist 
uitli a great deal of fmulamciital dahi: 
and. most important, tell liim whetliei' 
it will lie useful or worthwhile to in- 
vestigate a ]jarticiilar system. 

nicrc is also, of course, work being 
done on alliiviii| the refractory metals 
with comeii'fioiial metals. Most ad- 
vanced to date are tlie alloy system.s 
basexi on iiiolvbdcnum. Of tliese. the 
molyhdemuii-fit.iniuui coinhiiuitiuns 
have been studied most extensively, 
resulting in data that indicated a 0,5% 
titiniimii alloy as the optimum strength 
composition. This particular alloy is 
now in coiiiinc'rcial production. 

Ill addition to strengthening the re- 
fractorv metals by conventional alloy- 
ing techniques, savs Promiscl. metal- 
lurgists arc now investigating the 
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New WEATHERHEAD Design Insures Superior Sealing 


Proved under rigid test conditions, the refined version 
of the industry-accepted MS(ER)® flareless fitting 
incorporates special high-quality sleeve and mating 
parts. This latest Weatherhead advance provides in- 
creased fluid system reliability under thermal shock 
conditions with low molecular weight gases, as encount- 
ered in gas turbine and rocket propelled vehicle applica- 
tions. Because of its superior sealing quabties, the 
new Weatherhead precision fitting is now under consid- 
eration for future hypersonic rocket research ships. 
Optimum pneumatic integrity is assured by the new 
design plus these other essentia! factors: 



for the material combinations required. 

which result in a sleeve that does ; 

not rotate on the tubing. I 


This is another example of Weatherhead’s policy of 
continuing research to develop products in advance of 
industry’s needs — another reason why Weatherhead 
pneumatic and hydraulic components are currently in 


use on such vehicles as Atlas, Bomarc, Nike-Ajax, Thor, 
Jupiter. Bullpup, Polaris, Redstone and the North Amer- 
ican X-I5 manned aircraft. Look to Weatherhead for the 
“precision answer" to your fluid system requirements! 



The fully automatic Presetting Machine contributes 
to production line speed and efficiency in presetting 
MS(ER)® sleeves. It has single push button control 
and single air pressure setting of all sizes for fast, easy 
operation. It correctly presets sleeves on aluminum, car- 
bon or stainless steel tubing in all standard sizes 
through 2' in diameter, 
et‘n</ for descriptive literaliire 
. . . “Refinement of Precision Flareless Fittings" 

. . . “New MT-10062 Presetting Machine" 

Write to The Weatherhead Company. Aviation and Missile 
Group. 300 East 131st Street, Cleveland B, Ohio 


WEATHERHEAD AVIATION and MISSILE GROUP 



;ipplic!itiim of disjx-r.sioii haidcniiig for 
iiictaisiiig the strength of the retnictory 
metals. This technique, which invohes 
dispersing a pondered metal oxide 
thrmigh a metal matrix, n-.is deselopcd 
.md first used in connection with 
almiiimmi. Now il has been found 
that the same principle, using oxides 
sncli as aluminum oxide, titanium oxide 
and zirconium oxide, works nifb a 
niolvbdemnii matrix. 

The dispersion-hardened mobb- 
deinim alloys ap|)e,it partiailarb- oiit- 
slanding in their retention of short 
time tensile strengths at sets high 
ttinpcratures. Scientists sec no rc-.ison 
nils dispersion-hardening won't work 
V ilh most of the other refractoiT metals. 
Ilii.Vcr mm has research initlein-.iy on 
dispersion liardcniiig imoKing borides 
and carbides as sscll as the oxides. 'Iliis 
;;p|)r(wch has received only preliminary 
attention so far. Siiys Proinisel, and 
substantial gains mas lx; anticipated 
from the proper combination of dis- 
persed phased and solid solution 
strengthening. 

Refractors- metals, of cinir.sc', arc not 
the Olds anssver to the aircraft indus- 
In's liigh temperature engineering prob- 
lems. lliere am otiicr materials and 
approaelics which mas- prose siqseTior 
to the rcfraclnrv metals or sers'C .is im- 
portant adjuncts to them. 

Graphite, for example, ret-ains me- 
chanical |)roperties to almost fi.OOOl’ 
and. Ilf fcm|3craturcs above 4.i00h'. is 
sn|xrii)t in streugtli pro|>crtics to mo- 
Isbdemim and other of the refractory 
metals. The ready oxidation and ero- 
sion of |rapliitc still remain inajoi prob- 
lems. but tlieie is a good possibility that 
protectise coatings can greatly case 
tlicse problems. 

I'he ceramics and cermets base liccn 
ttceising increased attention over tlic 
past deeade for flicit potential as high 
temperature materLds, Development of 

bide mixture provides inetallntgists 
nitb a material basing approximatels 
a 7.000F melting point, the highest of 
any known solid under norma) condi- 
tions. .^t the same, these materials as 
a class still suffer from higli mitcli sensi- 
tivitv. low impact resistance, general 
lack of ductility and erratic theuii.d 
sliock resistance. However, says Piomi- 
'tl, thev still show some |)romise in 
applications where small sizes and Cau- 
tious design are possible. 

Of all these other apptoaclies, it is 
the enmposite materials or structntes. 
perhaps, svliiclr offer tire most promise 
for high teinper.rturc structural appli- 

It is difficult to define composites 
other than to sas- that they are mix- 
tures of materials so designed as to 
optimize certain characteristics such as 
lightness and stiffness as in the case 
of the honcscomb structural s;nidsvich. 


Reinforced plastics is another good ex- 

'Ihis reinforcement aspect rif com- 
posites ap|)e.irs most atlraetivc to stnic- 
timil engineers. One of the inort inter- 
esting a)3plicatinns of this principle 
from the aviation inchistrs’s point of 
view is the rise of glass fibers to rein- 
force alnmiiium. .An allov known us 
Glass 201-t in which 20-fsn% fine glass 
fibers arc used to reinforce the matrix 
Ilf 20H almiiimim allov is ala-.idv avail- 
.ihle and is re])ortcd to have "cn’giiieet- 
ing applicability" almost up to the melt- 
ing point of the alumiimm allov . 

I'or triie^ high temperature applica- 

vmbedding molybdenum wires and 
powders in oxidation resistant matrices. 
I he l.opc is that even if the outer lay- 
ers fail, midcrlving layers of ptotcctcd 
mohbdcnnm will ap|)eat and act as re- 
peated "inner lines of defense". Some- 
what the same idea, says Promise!, is 
behind the incorpoTatiem of molylidc- 
num and otlier refnictotv metal wires 
into titaniiim in an effort to build a 
composite which will liave good mc- 
clianieal proiKrties at temperatures 
above tlie emtent useful range of ti- 

,\notliei potcntiallv saluabk t\|x of 
C'om|)osite i.v tlic multilavcr configura- 
tion. Sever, d possible eoiifigurations of 
this tv|)c have been proposed and arc 
under investigation. One of the more 
interesting of these, according to 1‘red 


Jewett- involves the use of a conven- 
tional basic strvicture fabricited from, 
say, aluminum or steel on the inside 
combined with an outer structure made 
of one of tile refractory metals sucli as 
tungsten or niobium, with the possi- 
bility of circulating a cooling fluid he 
Ivvctn the two lavets. Joining five two 
layers togelher is expected to prove a 
sizable ptol)lcmi and. in fact. Jewett 
believes, that fastening in general will 
prose a major problem with most of 
the new, high tcmpemtiirc structural 

'nien there are the many licat-rcdvic- 
iiig tcclmiques designed to keep mati- 
riid tcmper.iturcs down to the toleration 
point. Ilicse inclnde .such things as re- 
generative cooling, heat excliangCTS, in- 
sulation, use of coatings to control einis- 
sivity, heat sinks, etc. Eventually, all 
lulvanccxl .lircr.ift will prolsibly require 
the extensive use of at least one of these 
approaches and possibly a combination 
of them. Conscqucntlv, the militatv is 
continuing to explore and develop this 
approach. 

But it is on the refractory metals, 
that a large .segment of the advanced 
design group is ciirrentlv pinning its 
ho|)es. There can he no doubt, .saw 
Navv'.s Pmmiscl. that the refraetory 
mebils cxhiliit great capabilities for fiiT 
filling the requirements for high tem- 
perature structural materials and recent 
studies indicate that the full ])otentiul 
of these metals is still to l)c developed. 


Black Kjiight Has 

Ixiiidon — 'nmisf of the four 
"Gamma" rocket engines in Britain's 
Black Knight re-entrv test vehicle is 
IMOO lb-, rising to 19.100 lb. as the 
back ptesMite falls, according to .Arm- 
strong Siddeley, Ltd. 

Total vvciglit of the thrust clnindier 
in the vehicle is only TOO lb. wliicb 
.Armstrong Siddeley say.s is coiisiderablv- 
less than that anficiixited in the original 
vehicle design. 

Oxidant used in the Gumma engine 
is hvdtogen peroxitlc (I I TP) and the 
fuel is kerosene. 

The motors used in Black Knight 
(.AW Sc])f 22. |), sO) arc modified ver- 
sions of a unit developed in 19s? by 
the Royal .Aircraft Estahlishincnt’s 
Rocket Propidsion Department at 
AA'cstcott- Inc Gamma engine is be- 
iicvix! to l)C tlie largest of a finnilv' of 
iiircraft-rockct motors designated at that 
time bv Greek letters in the AA'cstcott 
development program. 

Whether or not it was the liitge.st 
engine available, the use of a clustct of 
smaller engines has led to ,1 method of 
directional control wliich obviates tlic 
engineering complexity of a gimlicl 

The four motors in Black Kniglil arc 


19,000 lb. Thrust 

arranged around the central veliicte 
support and are mounted on trunnions. 
The thrust line of each motor is dis- 
|)liiced l)v a livdranlic actuator. For 
pitch control, a diametrically opposed 
ixiir ate moved logetlicr. Yaw control 
is effected by movement of the other 
pair. .Any tendency to roll is corrected 
bv moving all four engiiioi in tbe same 
direction. 91ic clustered thrust system 
oi Black Knight is also favored by the 
square cube law. but it lias the dis- 
advantage that there arc mote eoiii- 
jvonents to possibly malfunction. 

Fach motor has its own tiubopimip 
unit which feeds the propellants 
Ihrough the hollow tninnion mount- 
ings. The H'TP and kcro.scne cen- 
trifiigiil impellers in the pump units 
iire mounted on cither side of an axial 
flow turbine vvliicli is driven bv steam 
from ITTP decomposed in separate 
eatalvst packs. 

.All four tutbopnmp units arc con- 
nected rigidly to tbe vehicle stnictute 
ami arc served by a common IITP mani- 
fold. 

ilvdnuilic control system is pres- 
surized by pumps driven through keto- 
senc-hibrieate-d reduction gearing bv 
two of five tnrbnpmnp units. 
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SatpUile Reconnaissance Optics (Part III): 

Improving Image Aids Reco n naissance 


(This is the Ihiid in a series 0/ (Itrce 
articlei describiiii (he ojstieai problems 

By James A. Fusca 

Clifton, N. J,— All reconnaissance 
satellites seeking to gatliet data on 
ground installations or earth cloud 
co\cr by means of optical imaae de- 
tecting systems will be limited by the 
three fundiimental considemtions of 
earth radiance, atmospheric optics, and 
optical resolution limits- 

ITiis last article of a series describes 
llie problems arising from the physical 
limits of optica] resolution. Tlic scries 
is based on a report on considerations 
for reconnaissance satellites prepared 
by the Space Reconnaissance Labora- 
tory of Allen B, Du Mont Labora- 
tories. Clifton. N. J. 

Tlie limits on resolution of an opti- 
ca! ssstem ate uell established by the 
science of physical optics. Often less 
well appreriated ate the limitations of 
the human eye in detecting resoh-ablc 
detail and, since the ultimate use of a 
reconnaissance picture is for human 
interpretation, both restrictions on us- 


able resolution must be considered 
in assessing oscr-all performance of a 
reconnaissance svstem. 

Tire fact that the human eye re- 
quires mucli higher enntrast for the 
detection and recognition of fine detail 
strongly implies that an optimized 
\isuaf communication system should 
include some form of \isuiil ptc-em- 
]>hasis or image cniiancement. While 
sucii a technique docs not affect the 
resolution limits or bandwidth require- 
ments, it docs pro'ide full utilization 
of the resolution or bandwidth cm- 
pliiyed. 

Diffraction Limit 

The ultimate resolution of any ob- 
jeetise lens or optical system is limited 
by diffraction phenomena. ’Hiis is a 
fundamental pliysical limitation that 
cannot he asoidc-d and that places a 
very definite limit to the size or spac- 
ing of obiects that can be viewed at a 
given distance by a particular objcc- 

Under practical conditions, manv 
objcctisc lenses have insufficient qual- 
ity for diffraction to prove a limitation. 
\\'here tlic field of view is sufficiently 


small, however, it is possible to make 
optical svstems that closely approach 
optical perfection, hot this reason an 
analysis of diffraction effects, which as- 
sumes perfect optics, is of interest. 

A perfect optical system cannot form 
a point image of a point object be- 
cause of diffraction phcnoinena. In- 
stead, the image takes the fonn of a 
briglit core and concentric liglit and 
dark rings of dcCTcasing intensity, the 
pattern known as the Airv- '3isk.^ In the 

solving power as the abilitv to resolve 
the spacing of two equally bright point 
sources such as stars, and this problem 
is treated in any standard optical text. 

It has been found that the two points 
can just be resolved as separate when 
the bright center of one Airv disk 
approaches the center of the Airy disk 
of the other no closer than the first 
dark ring. This just resolvable distance is 
equal to the radius of the first dark ring. 
It can be expressed in angular terms as 
the minimum resolvable angle (in ra- 
dians) being equal to a constant (1.22) 
times the wavelength of radiation di- 
vided by the aperture diameter of the 
objective lens where the wavelength 
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and aperture arc measured in the same 

When onlv a single point is resolved, 
il is customarv to give its diffracted 
size bv the angular diameter of the 
first dark ring. 'Ihis is justified be- 
cause about of the total energy 

ill the diffraction pattern appears in 
Ihc central bright disk. This angle is. 
lit course, twice tlic angle given by the 
fornnila above because the diameter 
rather than the radius is iiicasured. 

The most important point hrouglit 
out is that the angular size of the 
diffraction pattern depends only on 
llie diameter of tlie objective, cither 
reflecting or refracting, and tlie wave- 
Itiigtli of tlic radiation observed— noth- 
ing else. 

Neither the rclatiie aperture nor the 
focal length alone determines the dif- 
fraction except as related liv the ct|ua- 
lion slating that the relative aperture 
is equal to tlic focal length divided by 
tlic aperture diameter. 

As a sample cidculation. assmiie that 
an objective of 200 mni. diameter 
views a scene tadiatiiij light of O.S 
microns wavelength. Then, solving to 
obtain the ininiimmi resolvable distance 
in angular terms, the solution is 5 x 
10 ' radian. If the earth were 1.000 
nii. awav, the iniiiinnnn point separa- 
tion would be about 25 ft. on the 
ground. On the other haiul, a verv small 
isolated object would have an apparent 
diameter of 50 ft. 


Aperture Ratio 

Note tliat tlic same resolution is 
obtained as long as the vvavelcngtli/ 
apertme diameter ratio is held con- 
stant; for example, O.-l micron and 100 
mm. or 1.6 micron and -tOO mm. The 
farther the radiation is into the infra- 
red. the poorer the resolution becomes, 

versciv with the wavelength. 

In order to specify diffraction liniita- 
lions in parameters consistent vvitii con- 
sidering tlie optical svsteiii of a recon- 
naissance satellite to be one in a 
coiiiiminication system, il is simpler 
to spccifv tlic sinewave amplitude re- 
sponse. ,\s can be seen from the equa- 
tions mentioned above, the sinewsavc 
ainplitiide response of a perfect lens 
specified as a spatial frequency of separ- 
able points or lines at the image plane 
IS dependent only on the relative aper- 
ture of the lens. One of the □cconip.im- 
ing charts gives this data in sinevvaves/ 
iiiiii. units, while a second chart pro- 
vides this data I’n a more coiivemeiit 
form by giv ing tlie lingular sinewave re- 
sponse hi sinesvave niilliudiaii units. 

For a given focal length lens the 
amplitude response in siiiewavcs/mm. 
frequency can be found from tlie angu- 
lar resolution data. I'or example, as- 
sume the case of a 250 iiiiii. f/2.5 


objective lens is used vsitli O.S micron 
radiation. This entrance pupil is then 
100 mill, and on the chart giving 
angular sinewave response Hie 505% 
amplitude rcsjionsc |ioint is reached 
at 50 sincwaves/milliradian. Because 
one niilliradian times the 250 mm. fo- 
cal length gives an image length of 
0.25 mm. which contains 50 sine- 
waves, the result is 200 siiiewaves/nim. 


Visual Acuity 


A commonly accepted figure for the 
icsolntioii iicuitv of liimian vision is 


one inimitc of arc for adjacent targets. 
T his refers to small targets having liigli 
contrast from the background and .Kle- 
quatc brightness. It is also known 
from the Wcbcr-I’ecliiier l.iw that for 
large ad|acent targets a contrast acuity 
of a few |)ercent is olitaiiied. Therefore, 
tlie classical data on visual acnitv holds 
csscntiallv for small area, high contrast 
and large area, low contrast cmiditimis. 

Because of the various image degrada- 
tions unavoidable in a satellite rccoii- 
iiaissancc svsteni. the photo-iiiterpieter 
on the ground will not be presciilcd 
with citlier of the above condilion.s. 
Instead, lie will be concerned with tlie 
detection of small area, low contrast 

Another fundamental of visual acuilv 
les.s well known is Ricco's law. This 
states that for small targets to be 
cquallv detectable, the product of con- 
tras! times the .solid subtended angle 

that the required constancy of contrast 
times solid angle is anotlier wav of 
saving that the target energy innst 
excexrd tlic Ixitkgrouiid energy hv a fixed 
amoiiiit. Since for small images tlic 
human ey e responds on tlie basis of Ihc 
total light energv received. Ricco's law 
has a logical jiliysical siginficancc. 

In specifying visual acuifv in l.irget 
detection and evaluation systems, it is 



GRAPH shnssing tlic dlnmck-t of the Airy 
disk generated by a point souicc object on 
the ground versus altitiide above tbe caith 

Airv disk diameter is twice the width of tvso 
lesolvnble points. 


iiccc-ssan to know more about the re- 
gion between the large area data of 
the Wcber-I'cchnct law and the setv 
small act-a data of Ricco's law. 'llii's 
iiifoniiation is available from a study 
by II. R. Blackwell which presents 
data on small area, low contrast thres- 
hold detectability for trained obsetsas. 
Some of the mote important results 

• Contrast versus size detcctabilitv 
ciirs'C is constant for background bright- 
ness exceeding 10 foot-laniberts. 

• Results bold equally well for positiso 
or negative contrast. 

• For target subtense exceeding 100 
mill, in arc, the threshold contrast is 
0.64%. 

• I-'nr targets subtending less tliiiii 
ilirce minutes of arc. equal detect, ibility 
is obtained wlicn the product of con- 
trast times the solid subtended angle is 
constant. 

• Detection probability curve as a 
function of coiistrast is independent of 
size and brightness variables. 

'Hie curve for thrcsliold contrast 
us a function of imial solid angle is 
given ill an accompanying chart. '! hies- 
hold coiiti.ist is defined as fliat contrast 
wliere if i.s 50% probable tlial detection 
will occur, chance detection haiiiig 
been subtracted. 

Image Enhancement 

The earlier discussions have shown 
that one important parametet of tlic 
resolution characteristic of any imaging 
system is the sinewave response. 'I he 
sinewave response is expressed as a 
curve giving relative amplitude of tlic 
output to the input modulation as a 
fniietioii of its spatial ftequenev, cithei 
sinevvavts/mm. or siiievvavcs/inillira- 

At higher frequencies all optic.il 
imaging svsteins exhibit decreased 
modulation amplitude response. Un- 
forlimatcly. visual acuity data also shows 

qiiircd for the detection of small tar- 
gets. 

'I he cascading of these two prob- 
lems makes double difficult the task 
of the pboto-interprctvr. 

One approacli to correcting these 
two difficiiUieS is image enhancement. 
But image enhaneeincnt cm accom- 
plisli much more Fntircly aside from 
the problems of rcsohition. another 
svsteni problem is the great range of 
lontrasts encountered in aerial recon- 

Nc-ar the limit of resolution any tar- 
get will be imaged witli a contrast of 
only a few percent, 'niiit is, its imaged 
brightness will differ by only 11 few 
percent from tlic liackgtound. On a 
clear dav, with the sun neatly overhead, 
the incident ilhmiinatioii on tlic 
ground is about 10.000 foot-eandics. 


AVIATION WEEK, 


2, 1959 









I 


\ 



I. 

1 — 1 l\i\ \ 



a 

1 1 







GRAPHS sliowiiig amplitude tcspaiise venus spjlljl frcqaency and angular frequency, 


of vvliicli S.OOO is direct sunlight and 
Z.OOO is indirect skviiglit. 

rile reflectance of typical terrains 
ranges from 0-05 for forests to 0.80 for 
fresh snow. Assume that a plioto-inter- 
jjretcr is attempting to detect a dark 
aircraft flying on a partly cloudy day 
(ucr forest terrain. The least bright 
background would be the forest in the 
shadow of a cloud, or 2,000 x 0,05 
eqiml to 100 foot-lanibcrts, 'Ihe bright- 
est background would be a cloud, or 
10,000 X 0.80 equal to 8,000 foot- 
laniberts. Contrast range between these 
extended bacfcgrnuntis i.s 80x 1. 

If the aircraft had been painted per- 
fectly black, its intrinsic contrast 
nould be one. But under es’en clear 
day conditions the lie-wed contrast in 
the visual region would hpicallv be 
only 0.5. The apparent brightness of 
the aircraft o\et the forest would there- 
fore be SO foot-lambcrts for an optical 
imaging system suffering no degrada- 
tion. I'or detection of this aircraft 
the imaging system would require a 
dynamic range of 160 to 1. 

Near the limit of resolution or under 
conditions of moderate haze, the con- 
tmst attenuation typically would cause 
the aircraft brightness to differ by only 
,1 few pet cent of either of the aboic 
background brightness salucs. There- 
fore, for small target detection the 
usable dniamic range, or contrast, 
should be even greater for a practical 
system-perhaps 1,000 to I or about 
10 digital bits. The corresponding 



allowable signal-to-noise ratio must then 
be at least 1,000 to 1 or 60 db. 

'Ihese considerations illustrate the 
fact that dynamic range limitations ate 
a serious problem in any reconnaissance 
system. The phottigra|)hs cm p. 62 in- 
dicate how image enhancement can be 
used to alleviate this problem. 

Actual aerial tecoimaissancc photo- 
grajihs arc printed on glo.ssy photo- 
graphic paper capable or a dynamic 
range of only s2 to 1, corresponding 
to the limitations of a five-bit digital 
system. The first of the accompanying 
pictures not only contains vital in- 
formation in an area covered !«■ a cloud 
shadon- but has the drab, washed out 
appearance that is iinasoidablc in order 
to display the complete tonal range. 

The principle of image enhancement 
by increasing the small area Contrast 
without increasing the large area con- 
trast is shown in the second picture, 
where the mid-tone contrast is about 
four times that of the first and small 
objects are considerably easier to read. 
This photograph also shows how image 
enhancement makes recognizable ob- 
jects in the shadou’s. 

An important fact in these t\so pic- 
tures is that they both have the same 


New York-.A new type of \acnuni 
tube that does not require a filament 
has been developed. It may be adap- 
table to almost all the uses of conven- 
tional electron tubes, including cathode 
ray tubes, radar and transmitting tubes, 
and most general purpose vacuum tubes. 

Called a cold cathode tube, it is 
to operate on less than one-tenth the 
power of present day tubes and to base 
scry long life. The tube was developed 
jointly by the U. S. Signal Corps and 
Tun|-So! Electric, Inc. (AW Jan. 26, 
P- ?>). The operating principle was dis- 
cos-er^ bv Dr. Dietrich Dobieschek of 
the Signal Corps’ Signal Rese.irch and 
Deielopment Laboraton’, l-'ort Mon- 
mouth, N. J. 

Other types of tubes that do not re- 
quire a filament to heat the cathode are 
in common use but these tubes use a 


limiting resolution and the same con- 
trast range since they both arc printed 
from the same original negative. Troni 
a coinnninic.itions standpoint, the un- 
cnhanced picture is wasting hand- 
width while the image enhanced picture 
is more fully making use of the asail- 
able Iwndwidth. Also to be noted is the 
fact that image ciihan«'incnt must be 
iiiiplovcd before, not after, transniis- 

Image cnhamxment. basicilly. is a 
method of sasing transmitter power. 
Although impossible to illustrate with- 
out a transpircncy print, the detail 
modulation of the unenhimeed picture 
could be accomplished but only with 
3 dynaniic range four times greater or 
with 16 times greater transmitter 

In view of the characteristics of the 
human eye, the iiitcipretable resolu- 
tion of a satellite reconnaissance system 
is not uniquely specified by a quantity 
sucli as the diffraction-limited angular 
rta'iving power of the optical system. 
Instead, the contrast must also be speci- 
fied. the two together being most con- 
sciiiently defined by the system spatial 
sinewave response. 

'Ihus, the o'cr-all system perform- 
ance is scnsitii'c to the cascaded effects 
of object rariiance characteristics, atmos- 
pheric optics, and the optical and 
electrical characteristics of the trans- 
mitting system through which the 
reconnaissance picture is rclaicel. 

Video processing at the output of 
the sensor to obtain proper image en- 
hancement offers im|)ortant advantages 
in regard to target recognition. In addi- 
tion, such video processing will reduce 
the required transmitter power or, con- 
versely. minimize the effects of rclav 
link noise on the picture for a fixed 
transmitter power. 


gas-filled envelope. The now tube is 
the first hcatcrlcss type capable of oper- 
ating in many of trie applications of 
general purpose tubes. 

Anothcr type of cold cathode tube 
has been under deselopment since 1955 
at Linficid College, XicMinm-ille, Ore., 
under the direction of Dr. W. P. Dyke. 
Sponsored by all three services, this 
type is a high power, cold cathode tube 
that has dcliiercd up to 20 amp. of cur- 
rent at a peak power of mote than one 
megawatt. 

Conventional tubes require a hot 
cathode element to generate needed 
electrons. This heating process con- 
sumes an appreciable percentage of the 
power used and forces the use of addi- 
tional circuitry or extra batteries. 

In the cold cathode tube a cylindrical 
cathode is used that is specially coated 


Cold Cathode Extends Tube Life 
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witli perom magnesium oxide, chcnii- 
ciilly idciitiej] with milk of magnc.siii. 
Iiiste.id of heat, a liglit \oltage field 
Ciiuse.s tlie eiectrim flow. 

"llic current flow in tlie cold c-atliodc 
lube prodiias a characteristic blue 
glow , rather than tlie red glow of nn in- 
eimdesccn! hot ciithode. Clncc the emis- 
sion of electron', hii.s been stinted from 
the cold ciithndc-cither by a pulse of 
heat or light, or by nuclear radiation— 
the reaction can be maintained with as 
little as 10 microwatts of |)owcr. Start- 
ing time is less than one .second. 

f’ht first tuhe dc'’cloped is an audio 
output amplifier c.ipable of putting out 
slightly less than one watt. Now under 

• Secondary emission pre-amplifier. 
preamplifier employing secondarv cmis- 
.sion said to produce more amplification 
than any commercial hot calnode tube 
has been produced in sample quantities. 

• Electron giiii. .A cold c-atbodc elec- 
tron gun for use in cathode ray tubes for 
Itlevision. and in klystrons and tr.n cling 
wave tubes, is under development. 

• Flat dis|)lav. .A flat, pictiirc-on-the 
wall type of display device is in the 
design stage that could be used for 
television or radar. Possiblv, this device 
could produce greater brightness than 
is put out bv anv present picture tubes. 

I'lie principle of the cold cathode 
tube was discovered by accident. AA'hile 
experimenting on field-enhanced scc- 
emdarv emission, Dr. Dnbischek noted 
that one of his experimental tubes kept 
running after he bad turned off the 
primarv current. After investigation, he 
developed a surface coating capable of 
emitting electrons indefinitely. 

The coating is magnesium oxide 
which is a phosphor; that is. it emits 
light when bombarded by electrons. .As 
Ihc electrons strike the atoms of mag- 
ntsimii oxide in their outward passage 
through the lavers. thev cause the emis- 
sion of light which is believed to he 
the source of the bloc luminescence 
found to be tlic characteristic of the 
cold cathode tube. 

Ilic adv-anlages of the cold cathode 
liilx' compared with the hot cathode 

• Less cathode power requited. 

• Much longer life. One t-.irlv tube has 
been hi coutiiuioiis operation for H.OOO 
hr. without anv decrease iii emission. 

• Elimination of heater failures. 

Ilie disadvantages arc; 

• Although over-all |K)wer is suhslaii- 
lially less, a minimum voltage of about 
500 V. is nece.ssatv for operation. 

• Present tubes arc not self-startingi a 
starting means must be provided. 

• More complex internal structure. 

Both ty pes of tubes are about equal 

with respect to cost and noise level. 
'ITic processing, however, is siifficientlv 
.similar so that the same factnrv ma- 
chines may be used for production. 
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Sikorsky Broadens Its VTOL Research 


By Robert I. Stanfield 

Stratford, Conn.— Sikorsky Aircraft, 
in a iii.ijor step toward dcTclopments. 
ntlicr than the true helicopter, has 
established a new rcscatcli group to 
deUe into adranced systems of VTOL 
(vertical takeoff and landingl flight, in 
addition to rotary wing improsenient. 
'Hie nio\e reflects increased company 
interest in all areas of direct-lift airaaft. 

Studies now under way— in design 
status— include a delta-wing, high-speed 
conrertiplanc and a compound heli- 
copter with a range of 300 naut. nii- 

rlie company, which has no immedi- 
ate plans for “changing horses" in light 
of the efficicnev, capabilities, and 
povr th potential of the helicopter "that 
is onl\' beginning to be tapped ... the 
200 niph. helicopter is capable of at- 
tainment." will not dilute ih main engi- 
neering effort from its present rotor- 
craft channels. -Aviation W'eek was 
told. 

The new Adranced Configiiration.s 
Research Section is headed by Philip 
I.. Michel, wlio is responsible to 
Michael E. Ghiliareff, Sikorskv engineer- 
ing manager. Along with tlie cqualR- 
new Propulsion Research Section, it 
has been added to the engineering de- 
partment organization in line with 


United Aircraft Corp.’s polics' of ein- 
pliasis on basic rcsearcli and dcielop- 

In addition to investigating and 
analyzing adi-.mccd systems of VTOL 
flight, the group will initiate and carry 
out research, and maintain liaison with 
the chief scientist of United .Aircraft 
Corp. (Perry Pratt), keeping him ad- 
\isea of Sikorsky's research efforts and 
progress. 

Design Detgils 

Sikorsky project details currently un- 
der study include; 

• Delta-wing convertipUne. One of the 
|:roniisiiig configurations embraces a 
single-blade rotor with counter-balance. 
Rotor blade would stow at speeds ap- 
pioximating 100 kt. and airaaft would 
become fixed-wing. Speed, at low alti- 
tudes. would be about 500 kt. Jet 
power, which could be supplied bv 
Pratt & WHiitney JT-12s, would be in 
5.000-lb, tiuust class. Small macliine 
would carry no mote than two or three 

• Compound helicopter; a rotor-unload- 
ing type aircraft with fixed wing and 
propellers, not necessarily using auto- 
rotation of blades in cruising flight- 
Sikorsky feels high speeds can be 
reached bv unloading rotor blade and 


adding extra propcllcr-tvpc propulsion. 
Aircraft will not necessanlv incorporate 
a tip-jet propulsion system, the main 
objection to which is noise and high 
fuel consumption. Pavioad would be 
the cquiialcnt of 40 people witli bag- 
gage. Range, 300 naut. mi. 

• Rotor configurations. Companv 
shortly will fliglit-tcst six 72-ft. diameter 
S-56 blades now ruiming on test stand. 
Configuration is expected to increase 
S-56 speed about 30 kt. (world record 
of 162 mpli. was set bv this helicopter 
in 19561. Power will still be supplied 
by two Pratt & Whitney R2800 en- 
gines. Sikorsky also is running ciglit 
blades on test stand (about one-fourth 
tlic size of the S-56 blades) and intends 
to run 12 blades later this rear. 

• Coinnicrcia! version of S-61 (Nar-v's 
IiSS-2), on drawing board, would be a 
scvcn-bladc helicopter powered by three 
General Electric 'I'5S turbine engines. 
•Aimed at intercity transport, cruise 
speed would be 1 50 kt. Range, with 28 
passengers, would be 300 naut. mi. 
Sikorsky is 99% sure tliaf the heli- 
copter will meet performance specifica- 
tions. Design, the first directed pri- 
marily at tlie commercial market, is an 
outgrowth rather than an adaptation 
of the smallcr-fusclaged llSS-2. whicli 
will fly in March. 
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• Turbine-powered flying crane, c.ip.ihle 
of 20-ton payload, which can use S-56 
blades attached to a disk-coscred rotor. 

I he S-60 fly ing crane, dcseloped en- 
tirely with company funds (AW Oct. 

1 5, p. 29) and employing Pratt & 
Whitney R2S00 engines, will make its 
initial flight in March. Mission profile 
is 50 naut. mi.: pavioad will apptoxi- 

Sikorsky underwrites its own basic 
research costs, though the couvcrtiplane 
study was initially funded— a few vears 
ago-through Air I'orce contract. ’^Ilic 
company's research budget for 1959 has 
been increased almost 50% oscr what 
il was last year, Lee S. Johnson, general 
manager, told Aviation Week, 

Trouble Shooting 

lliougli the comcrtiplanc can 
achieve high speeds, Sikorski secs 
"nothing exciting in VTOL develop- 
ment as yet.” feeling tliat much work 
is necessary before airaaft could be 
commercially or economically adapted. 
Reason: the airrent low useful-load' 
gross-weight percentage; increased horse- 
power necessary for good hosering char- 
acteristics, which presently do not com- 
|)are with fliose of the helicopter, and 
ht-.iw fuel consumption. 

'Iht coiiipam docs feel that flic 
VTOL is adaptiihle to special military 
missions, such as high-speed rescue 
work behind enemy lines, and as a 
courier or pliotographic aaft. .Also im- 
cltr study i.s tlie idea of attaching direct- 
lift airaaft under the belly of a 
"mother" plane. Sikorsks's comerti- 
plaiit alrcudv has been in two wind 
tunnels, at USAP’s Wright Field and 
United's East Hartford facility. 

13y comparison to present A'lOL 
sliortcoinings. Glvdiarcff stressed the ad- 
uintagcs of tlie pure lielicopter; low 
iiorsepower, good |xiyload. excellent 
lioiering cluiractcristics, and speeds of 
150 kt. He feels that "within the 200- 
lOO-ini. radius, the helicopter is the 
only machine which can coni|>eh with 
the bus. truck and railroad . . . no 
matter how fast fixed-wing aircraft fly 
between 200-mi. cities, the helieoptei 
is the best bet because of the Hme 
consumed Isctweai city and airport." 

Sikorsky docs not expect to come 
op with a "blast-off vehicle." according 
to Michel. The coiiipam’’s aims in 
A'TOL development embrace good hov- 
ering capabihtic-s. safetv in esent of 
power failure and small-area landing 

The company fote.sccs a great future 
in the Using crane, militarily as an all- 
niissile carrier and conimcrcialh in the 
cnnstniction field and as a freight car- 
rier also capable of carrying aloft (aljiwc 
weather) ;md laniicliiiig a complete air- 
plane. The crane also would he de- 
signed to pick lip an airplane, in the 
air. and then lami it on a roof in 
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tho inidtowii iitca. A majot trucking 
inamifacturer already lias expressed in- 
terest in designing a pod. off a truck 
chassis, for use with the crane. 

Iiidicatiit; of thinking trends are ad- 
ditional studies coloring an integrated 
rotor (one-picce rotor and gear box), 
retreating blades (slowing down adianc- 
ing liladc and siKcding up retreating 
blade), and a IJniball project (sealed 
in articulating blade with lifetime lubri- 

Blade Testing 

Model rotor systems up to 10 ft. in 
diameter are being tested in the 18-ft. 
United Aircraft n-ind tunnel in East 
Hartford. Conn., under conditions sim- 
ulating 500-kt. velocities. Test blades 
are dynamically similar to full-scale 
blades. Stresses can be mea.snred with 
good results. New performance ideas 
on rotors can be studied while deter- 
mining stress limits. 

During blade flight tests Sikorsky 
uses a spceiallv made Faitchild Camera 
St Instrument Cotp. high-speed camera 
-10.000 frames per second— which sits 
on llic rotor head ot blade it.sclf. Pic- 
tures of the blade in flight are slow 

Looking to tlic immediate future, 
Sikorsky says the greatest helicopter 
achicicmcnts incorporate the transition 
to turbine power, all-weatlicr instrumen- 


tation. omniphibinus landing capabili- 
ties, and its own flnng crane. Lee Jolni- 
son foresees the big commercial market 
coming into being in 1961, with opera- 
tors taking ad'antage of turbine-pow- 
ered airaiift. 

'Building Block' Approach 

Sikorsky maintains that a giren set 
of dsaiamic components can be ex- 
ploited as can an engine; that it can 
take an\ of four sets of components— 
S-5>. S-58. S-?6 and HSS-2-apply and 
tefigute the airframe, and thus save the 
Depattment of Defense years and dol- 
Ian in computing the cost of nerv ait- 

Thc approach would mean greater 
overhaul and retirement periods, both 
at the introduction of the new model 
and throughout its scnice life. Abo, 
the use of existing spares inventories 
would reduce the cost of support, and 
iiitetchangcability of spares between 
models would simplify the logistic ptob- 

Sikorsky’s S-62, for example, com- 
bines tlie dynamic parts of the S-55, 
including the main rotor head; the 
companv built its own gearbox. Chief 
sar ings in inilitarv purchase would be 
the need for only a few hundred new 
items rather titan sct’cral thousand- 
Biggest immediate savings would be 
tlic skipping of purchase of spare com- 


ponents. necessary to new aircraft, in 
quantities to meet 250-hr. overhaul 
intcnals (AW Aug. 25. p. 64). 

The S-62 would embrace 650-700 hr. 
overhaul components, with service life 
of rotating components in the 5,000- 
6,000 lit. range. A new helicopter, ac- 
cording to Sikorskt', would require 
about 50 months to produce. Initial 
production 'Ctsion of me S-62 will be 
atailahie in an ITnionth period, ot 1.5 

Tlie building-block concept, stressed 
Johnson, results in an over-all savings 
of 50% of time, and a savings of half 
to two-thirds of money. 

S-60 as Example 

Tlic S-60 flying crane, for instance, 
will be dcrii ed from the S-56 rotor sys- 
tem and mechanical components. 

Extending tliis arrangement further, 
to eo'cr a turbine-posveted S-64 am- 
phibious transport, the present dynamic 
components will remain and the antici- 
pated extension of overhaul and retire- 
ment times will progress at a uniform 
rate, thus saving about 70% of the 
cost of a new aircraft in tho retrofit 
(turbine powered) sersion and about 
45% in the optimum Army version. 

Main rotor blades already ha\'e been 
des-cioped to a serv ice life beyond 1,000 
hr- and the transmission system is sub- 
stantiated for 5,000 hp.. which is more 



Why Chatham supplies more 
aircraft power conversion 
units than anyone else! 


the world's number one supplier of pmver conver- 

Custom manufacture: Chaiham tailors each 
menial conditions with minimum size and weight. 
Components control; All solid-state compo- 
nems arc mode right ai the Chatham plant. Thus, 
Chatham power supplies arc never limited by 


AC-OC, DC-OC, DC-AC, silicon, germanium, 
selenium; Any requirement met. Many Chatham 
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INSTRUMENTS, INC. 12401 West Olijm,. 


The hu't six dccatlc.s h.ive seen remarkable progress in pressure 
iiistniinentation. culminating in tlie extraordinary accuracy of 
Statliam uiibimeletl strain gage pressure transducers. These and other 
Statham instruments offer today’s instrumentation engineer tlie 
following henefit-s: 

Infinite resolution 
Highly linear output 
Minimum hysteresis 
E.xccllciit repeatability 

Near-zero response of tmnsduan- to vihralioii and acceleration 
Unprecedented reliability and operating life 
The convenience of electrical calibration and checkout 
Because of these unique operational advantages, Statham pressure 
transducers are aboard nearly every major U. S. ballistic missile, 
satellite vehicle and lunar probe rocket. .As we enter the space age, 
Statham rcsearth and development eontimics to meet the ever more 
challenging demands of instrumentation for ground, airborne 
and space cnviroiimonts. 

For specifications on Statham’s full line of pressure tr;msdiicci'S, 
write for Data File A\X’.s')i,.i. 
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Precision is our only product! 

Ac Indiana Gear, precision goes far beyond the usual cus- 
tomer requirements. Precision is a pan of order coordinating, 
engineering, production, inspection ... a part of every Indiana 
Gear operation. Precision is a way of tltinking at Indiana 
Gear ... a method of always working beyond the fringe of 
the state of the art. 
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llicii adequate for Hie J HZ engines. 
.\lthougli each engine will be operated 
in derated condition, the -1,200 Up. 
aiailablc ftom one engine is sufficient 
for liovering at normal gross weight 
«ith one engine iuoperatite. 

Sikorsky also points out that a newly 
developed goiicr.il purpose helicopter 
hating a gross weight of 7,s00 Ih. and 
an initial ptogiam cost of SI 50,000 per 
aircraft has an atorage terminal life 
of 1,000 hr, for its repiitahlc mcchani- 
eal components and an incragc period 
between overhauls of '50 hr. 

By comparison, a helicopter using 
existing components has double the 
ai crage clap.scd time lietwccn mcthauls 
and double the tcnninal life for com- 
ponents. 

Sai'ings on this helicopter, uhicli uses 
already dcsclopcd components of ap- 
proximately S7.5 million (based on 100 
helicopters over the useful life of the 
aircraft), would be equis-alcut to onc- 
lialf the initial prociircincnt cost of the 
lie1ico|)tcr. 

Bell HU-1 Completes 
Flight Test Program 

Ft. W’ortli— .-\nnv has completed a 
1 ,000 hr. flight tc-st program on the Bell 
IIU-1. futnislung experience on the tut- 
binc-pou’crcd helicopter that normally 
takes at Ic-.ist three veers of ordinarv 
service use to obtain. 

Conducted at Ft. Rucker by the 
I’ransportation .^i^eT.lft Test and Sup- 
port Actiiity, the accelerated test pro- 
gram put 1,000 hr. on the Bell macliinc 
ill fir e months. Bell said the logistical 
support tn aluation. conducted on a serv- 
ice test version of the IIU-I, kept flic 
helicopter in the air an lucragc of 1 0 to 
12 hr. a dav, sesen davs a week. 

In commercial opcriition.s. Bell sold 
mote than 100 helicopters in 195S- Last 

voar was the second cnnsccntisc yc-.ir 
ihat commercial sales topped the 100 
unit mark, and Bell lias sold more than 
SOO commercial models since the first 
machine nas certificated in 1946. 

WHAT'S NEW 


Publications ReceiLed: 

Tlic Air Forces of the ^\'orld-h^• Wil- 
liam Green &• lohn Frickcr-Pub. 
lOoublcdai- & Com|janv, Inc,. 575 Madi- 
son Avc., Ncw York 2'2, N. V. S10.95; 

r,6pp. 

Book is a coniprchcnsii'c stndv of 
the svorld’s air forces, listing the air- 
craft types e.ich country uses, along 
«-it]i other numerous facts. 

Jane's All The World's Aircraft 195&- 
1959-Pub. McGniw-llill Book Co., 
Inc., Trade Book Department, 3>0 


' project: 

COMMUNICATIONS SYSTEMS AT 60 mph 



FRI's Flying Cable Cartridge allows complete 
network to be laid by helicopter 

Previously, communications cable was fed out from uncon- 
trolled reels. However, when the cable hit a snag, the reel 
fed out too quickly. The cable cascaded, tangled — or broke. 
Flight Refueling, Inc., in conjunction with ITT Laboratories, 
designed and manufactured a complete package that feeds 
the cable out smoothly, evenly . . , and fast ... no matter 
how rough the terrain. 

This is only one of the many controlled airborne suspension 
projects from FRI- Others include design study of equip- 
ment for towing targets at high speeds, trailing dip sonar 
systems and fire-fighting packages for transportation into 
stricken areas by helicopter. 

If you have a problem in the area of controlled airborne 
suspension. Flight Refueling, Inc. has the facilities for the 
design, testing and manufacture of simplified, practical 
solutions. Write for literature. 
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AT BEECH AIRCRAFT... 


Binks spray gun dependability 
keeps finishing on schedule 



Wci,t^42nd St.. Nctt- York 36. X. Y. 



Electricity In Aircralt-bT- F. G. Sprcad- 
bur\-Piib. -I-hc Macin'illan Co., 60 
Fifth Avc., Ken- York 11. N. Y. S8.00; 
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System Aligns Jupiter Azimuth Heading 


By Barry Tully 

New York— Aiming or azimuth head- 
ing alignment of Jupiter intcniicdiate 
range ballistic missile is adiiocd with 
an optical-electronic system which auto- 
matically aligns the stable platform of 
the inertial guidance ssstcni and moni- 
tors its alignment until firing. 

Optical alignment system of type 
used with Jupiter is necessary on all 
uicrtially guided misaile.s. including 
Atlas and Titan intercontinental ballis- 
tic missiles and Polaris. Thor IRBMs. 

Guidaua- sy stein for the Jupiter is 
produetd bv I'ord Instrument Co., 
hong Island' CiU-, X. Y.. a division of 
the Sperry Rand Corp. Perkiu-Klmer 
Cnq).. N'orwalk, Conn., builds the align- 
ment theodolites which arc used in con- 
junction with the guidance system. 
Perkin-F.lmcr also builds alignment fhe- 
(xlolitcs for the i'hor 1RI3\I. 

Direction or azimuth heading that 
the missile will assume after launching 
i.s determined by the physical orienta- 
tion of the incrtiailv stable platform at 
the firing instant. The stable platform 
maintains a space fixed frame of refer- 
ence during the missile lliglit. 'I'lieo- 
clolite alignment .s' stcm informs missile 
of target location by assigning desired 
orientation to reference frame. 

Inertial guidance system, if orientated 
on the correct azimuth licading, will 
maintain tlic intended trajectory and, 
using accelerometers and computers, 


will sob e the cutoff equation for an on- 
target impact. 

.Azimuth cominaiid given the missile 
by orientating tlic stable platform is it- 
icrocabic after firing. '1 liis irrcvoca- 
liility. while eliminating the possibility 
of enemy influence through electronic 
countcr)ncasurcs, demands tlie greatest 
|)OSsiblc precision in aligning tlic stable 
jjlatfonn. Perkin-Klmcr points out that 
20 sec. of arc error in .iligmnent of a 
1,500 mi. range missile will cause an 
off-taiget impiict of 0.15 mi. The high 
degree of prcei.sion necessary in missile 
alignment requires the use of theodo- 
lites. not oulv at missile sites, hut in tlic 
|)roductimi of stable platforms. 

The azimutli alignment theodolite 
aligns the inertial guidance ysackage 
with higlilv accurate elircctional "bench 
marks." This is accomplished by moni- 
toring a mirror mouutcel on the stable 
plathirin of the guidance system. Rota- 

dclectcd by the instrument wliich con- 
tinuouslv monitors tlie mirror, lirror 
signals caused hv the mitrnr’s rotational 
discrepancies are applied as corrective 
signals to the drive elements of the 
monitored equi|)ment via a closed loop 
electronic circuit between theodolite 
and missile guidance package. 

■Hie monitoring optical system con- 
sists of two modulated light vmirccs. a 
telephoto lens as the objective, a beam 
dividing "Vee" prism and a photomul- 
tiplier tube. 


in operation, tlic optical svstem re- 
flects liebt from a mirror or prism 
moimteJ oil the stable platform and 
monitors its return. Two glow discharge 
lamps arc used as sources and arc elcc- 
tronieallv modulated at -100 cps. in 
phase iippositimi. 'i'lie lamps arc imaged 
at tlie roeal |)tanc of tlic telephoto oh- 
jcctiie bv separate condenser svstems- 
I’ri.vni shaped mirror reflects he, nils 
along o|)tieal axis of objectii e lens. 

If the monitored mirror is perfectly 
autocollimntcd with tlie optical axis of 
the si'stcm, tlie reflected light will re- 
enter tile objective, fall on tlie opposite- 
side of the prism and wiil bo lost in the 
source svstem. I'hus. hv being per|)eii- 
diciilar to the line of sight, a null or 
"no-si|iial." will result. 

If tfie monitored mirror is rotated in 
azimuth even slightly, the returning 
light beams will not be centered on the 
optical axis and. depending on tiic de- 
gree of rotation, will pass through a slit 
(which is ground and polished on the 
apex of the jarism) and strike the plio- 
tomultiplier. 'lliis produces an error 
signal which, in pliase relationship, is 
representative of the direction and mag- 
nitude of azimuth deviation. 

Ftror signals produced by the pholo- 
iiniltiplicr arc ted back to flic stable 
platform to drive it Ixick to conformity 
with the beam of light (i.c. tlic correct 
azimuth heading). 'I'hc entire dosed 
loop relationship, therefore, is auto- 
inaticallv scif-corrccting. counteracting 
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high-energy fuel 
briefs from Gallery 

Successful start-up for new Muskogee, Oklahoma plant — Callery 
is successfully operating the first of four major processing units 
at the new $38,000,000 Navy HiCal plant at Muskogee, Oklahoma. 

This plant will provide many times the production capacity of 
any existing high-energy fuel facility. 

Lawrence, Kansas plant producing tonnage quantities of HiCal — 

All of the immediate capacity of the Lawrence plant is now under 
military contract, However, we do hope to have some HiCal 
available in the near future for authorized users. If you — or 
your program — qualify, we’d welcome an opportunity to discuss 
the technical aspects of using these fuels for your project 

Write for new HiCal-3 Handling Bulletin. 

R & D on new fuels and propellants? — Gallery’s R & D experi- 
ence may prove helpful in attaining your long range objectives. 

Our current exploration in a number of new phases of develop- 
ment may coincide with one or more of your pet projects. Project 
teams with up-to-date facilities at their disposal can now be 
assigned to new programs. We’d like to talk with you about those 
areas of mutual interest in which Callery is best qualified. 

Pyrophoric ramjet fuel: Triethylborane — TEB is spontaneously 
flammable in air. However, it does not react with water, and this 
is a distinct handling and operational advantage. TEB — with 
much wider flammability limits than hydrocarbons — virtually 
eliminates engine flameouts at high altitudes. Some of the advan- 
tages of using TEB as a primary ramjet fuel in place of hydro- 
carbon-fueled ramjets are: higher altitude operation, increased 
range, improved fuel economy and reliability, and lower cost 
vehicles. 

Write for Technical Bulletin C-310 and Handling Bulletin C-31 1. 

Neiv IS'minute Triethylborane-Tributylboranc fire-fighting film 
available for loan. Just write 9600 Perry Highway, Pittsburgh 37, 
Washington, D. C. office opened by Callery — Fuel and propellant 
users in the Washington, D. C. area may now avail themselves of 
technical service at this new Callery office; Room 709, DuPont 
Circle Building, 1346 Connecticut Avenue, N.W. Phone Richard 
A. Carpenter, Manager, ADaras 4-4200. 


Note; Our recently opened office in Dayton, Ohio offers 
specialized technical assistance on fuels and propellants to inter- 
ested parties in that area. Contact Anthony C. Hummel at 2600 



any tendency of the stable platform to 
drift from the established heading. 

The tie-in to the geographical refer- 
ence or “bench marks" is achieved with 
a high quality surs’cy tlicodolite incor- 
porating an accurate azimuth circle and 
sighting telescope. The desired angle 
between the sighting or "reference” line 
of sight and the monitoring line of sight 
is set off using the azimuth circle. The 
“zero" setting of the system is deter- 
mined by autocolliniating both systems 
from a common test mirror. 

Monitoring problems imposed by the 
Jupiter's dimensions, position and guid- 
ance system necessitated a variation in 
equipment from other alignment theo- 
dolites and variation in the physical 
location of the instrument in respect to 
the monitored axis. The reference line 
of sight is established with a standard 
surveying theodolite which is modified 
for mounting on top to the instrument 
housing. 

Theodolite’s electronic unit consists 
of an amplifier, preamplifier and power 
supply-modulator. Output signal of the 
alignment system is cither in-phase or 
180 deg, ont-of-phasc with respect to 
the 115v., 400 cps. reference voltage 
supply within 10 deg. Maximum out- 
put impedance is >00 olims, I’rcquenev 
of the output signal is 400 cps. sinusoi- 
dal voltage synchronized with the 1 1 5v.. 
400 cps. reference supply. Power re- 
quirements .ire either 60 cps. or 400 
cps.. 1 1 5v., for the 400 watt input power 
source and 400 cps. llSv. for the 1.0 
watt system reference power. 

In addition to the primary aiming 
intermediate tange theodolite, the Jn- 
pitcr uses an auxiliary short range model 
mounted 3 to 4 ft. from the foot of the 
missile. The short range theodolite 
sends beams to an auxiliary prism moni- 
toring unit (with the same heading as 
the top unit). This monitoring unit 
is directly connected to the launching 
ting on which llic missile is positioned. 
A second auxiliary prism also is mounted 
on tlie launching ting at an angle rep- 
resenting an alternate target point. 

Tills alternate target prism provides 
the capability of making a last minute 
switch to a different target. Another 
function of tlic short range theodolite 
is to provide an all-weatlicr capability 
by permitting alignment during poor 
weather conditions which might distort 
the liglit beam between the interme- 
diate range theodolite and the missile. 
The short range theodolite is considered 
expendable. 

Due to its proximity to the missile 
it is destroyed by rocket blast with cacli 
missile firing. 

Pcrkin-Elmcr produces a long range 
tlieodolitc. Model I.lUA, ptcsuniabh 
for longer missiles. I'hc long range theo- 
dolite incorporates a sway compensation 
system which adjusts for the sway in- 
herent in missiles in the firing position. 
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Operators Air Complaints on Competition 


By Richard Sweeney 

San Mateo, Calif.— Protests against 
helicopter mamifachirers competing 
with the helicopter operating industry- 
in the operators’ own field were made 
at the 1 1 th annual meeting of tlic Ilcli- 
copfer .Assn, of .America liete. 

Speaking for the o|)crating industry, 
wliich flies a million hours per year and 
docs about S>0 million business annu- 
ailv. was Robert Suggs, president of 
1-erroleuni Helicopter Serv ice. Inc., who 
detailed four areas in which iinmufac- 
lurer-operator relation.s arc strained by 
manufacturers’ practices: 

• Operators face direct competition 
from manufacturers in Sight openitioiis. 
in maintenance and overhaul contract 
competitions. One manufacturer one 
year made more money in flight opera- 
tions than manufacturing helicopters, 
Suggs noted, then asked these questions; 

• AVhv do mamifacturcrs overrate their 
tx^uipment, leaving tlic operator to try 
and make good to liis ctistomcr what 
the aistomcr lias been led to believe the 
madn'nc can do? 

• Why do manufacturers introduce new 
operators on a marginal basis, rather 
than snppport their Gest customers, the 
firmly establisherl o|)eratois? 

• Why do manufacturers try to sell 


equipment to prospects for tlic services 
of tiie helicopter operators? 

Association, composed of operators 
of helicopters on a for-liire biisis, includ- 
ing contract finiis and ranging from one- 
rotorcr.ift companies to organizations 
operating more than >0 lielicupters. 
started witli 1 1 members, and now has 
grown to SO inciiitsers. 

Tile operators heard piesentations on 
new applications for rotary wing air- 
craft, reports on new erpiipment from 
niimufacturers. phis panels on mainte- 
nance. personnel, financing, and asso- 
ciated aspects of the industry. 

Flight Demonstrotions 

Might demonstrations were con- 
ducted during the meeting with Bell. 
Ilillcr, Sikorsky, and A'ertol helicO|)tcrs 
mid the two Sud .Aviation lielicopters. 
tlic Alouette 11 and Djiiin for which 
Republic .Aviation is the U. S. sales 
agent. 

Suggs said lie has found the general 
feeling among manufacturers is that the 
established operator “can be forgotten.” 
while in actuality, these sliould be the 
manufacturer’s best friends, “if he has 
any.” ’I'hcsc esfablislicd operators offer 
the best potential sales market. Suggs 
declared, and the mnnufactiircr w ill sell 
more machines in the long run if he 


backs his steady customer rather tlian 
trying to spread his sales base into areas 
vvliicli are, at best, niiitgitial. 

One tiling which the operators must 
remember, Suggs pointed out. is that 
the manufacturers do not teallv know 
tlic operators' problems, and also look 
at tilings from an entirely different 
viewpoint than tlic operator. 

As a solution to part of tliis. Suggs 
suggested that forums between operators 
and rnaniifacturers be conducted several 
times a yt-.ir, in which lioth sides amid 
come equipped with docuinentatiiiii for 
tlicir stands- 

Costs in helicopters could be cut sub 
stantialh if tlic military would stress 
tlii.s aspect ill its buying. Suggs said, 
lie lidded tliat commercial operators 
cannot get lower prices than the mili- 
tan. vet tlierc is an area here where 
comiiierciiil miicliincs undoubtedly 
could be produced for less. 

Anotlicr area in which costs arc kept 
higher tlian need be for opeiator.s. 
Suggs said, is in tile manufacturer not 
allowing operators to approacli vendors 
directly for parts which are not subject 
to specifie.ition analysis. 

One example of this. .As i.vtion \\'i;kx 
learned, is in one helicopter pitch 
change links for the tail rotor- Pur- 
chased through tlif manufacturer, parts 
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Helicopter Officers 

San Malco— New nflicecs elected at 
the llth annual ineeHng o( the Helicop- 

here ate: ^ 

Ptejidtnt, J. C, (Cullv) W'eadack, 
Chesapeake and Potomac Airwas-s. Bal- 
tinioic; fiist vice president. Alfred Strin- 
ger. Okanagan Helicopters. Vancouver, 
B. C.: secmid vice- president. Bill 
Cowan, Southwest Helicopters. A'an 
Nuys, Calif.: secretary. Hal Conners. 
Hclico)itcr Air l.ift. Chicago: treasnier, 
Gil Err in, Hawk Helicopters, Ft. Worth, 

Outgoing president is Richard fRiek] 
Eccles of C:iUcopters. Stockton. Calif. 


cost S17-SS per set. while froni tlic 
vendor, cost would be about 50 cents 
or .1 dollar, according to .an informed 
source. I’licrc ate numerous other areas 
where similar sasiiigs could accrue to 
tlie operators. ,Av:ation W'eek was told. 

In the competition for maintenance 
and o'Crliiuil contracts, Suggs chtimed 
that the nianu/acturcrs bid against the 
oper.itors, and almost alwiys win due to 
tlicir factory fcicilitics and other atl- 
rantages- 

In the pmcticing of drv leasing to 
operators who cannot afford to buy a 
helicopter, manufacturers arc actually 
dcstrosing the purchasing posver of 
tlicir best customers, the cshiblislicd 
operators with substantial investments, 
Suggs declared. 

Ahiniihictnrcrs' constant effort to 
broaden the sales base, Suggs indicated, 
can be seen in tlic belief it is better to 
sell 1.000 new machines to 1,000 new 
buyers rather than sell 1.000 machines 
to one of tlic regular ciistomct.s, an 
established operator. 

If the manufacturers will help estab- 
lished operators keep their equipment 
busy, they will sell more machines in 
the long tun, Suggs declared, rather 


Hiller Plans 

San Matco-Hiller Aircraft Corp, in- 
tends, within two or three years, to have 
its annual business on a >6-;0 basis be- 

Stanlcy Hiller, president, told the Heli- 
copter Association of .America here. 

imicr now is producing more than 
100 machines per year, mostly for the 
Army, and in the nest two sears, pro- 
duction alreads contracted for with the 
militars will run to about 150 machines 
anmiaiiy. Currently. Hiller business is 

dal. Hiller said the company is pinning 
its hopes on its new 12F model, with 
JOS Iip. Lycoming engine, to close the 


precision 

temperature 

probes 


NEW BROCHURE. Illusfrated com- 
pilation of data on over 50 different tem- 
peroture probes ronging from - 260'^C. to 
+ 1 500‘C. Send for your free copy of. 
Brochure No, 115811. 


to know precisely 
from here to there 


They think precision . . . the creative men 
ot R E C. Making precision on actuality is 
olso their job. The wide variety of R E C 
probes serving industry and military sup- 
ports this statement. Your project, where 
precise temperature meosorement and 
inviolable reliability are essential, can 
benefit by R E C assistance. We welcome 
your inquiry for information on any tem- 
perature probe problem. 
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than coii.stantly trying to compete with 
the operatots. 

In new applications, U. S '’orcst 
Sersice work was described in whicli 
Sidewinder missile is being studied fnr 
fire applications. Desaibiug the new 
:ipplication «'as Cal l''eTtis, Director of 
Aviation for Region IV, 

Since Sidewinder infrared guidance 
seeks the hottest source to liome on, the 
:iiissile could he loadexl with special 
chemicals instead of explosi'C. to fight 
the heart of petroleum and industrial 
fires. Method of employment would be 
to fire the missile from a phitfonn sus- 
pended underneath a heliaipter. Exact 
chemical which would be used now is 
under study, Kerris stated. 

In California last scar, I'crris jjomted 
out, some 2,500 hr. of helicopter time 
were contracted b\ the forest Senice. 
prosiding some S250.000 in annual 
Inisincss. 

Additionally, 11.400 small hclistops 
for landing men. and equipment to 
i|iiicklv put out fires before they get 
well started base been built, and esen- 
tually ss-ill number 14,000 in forest 

''"chntou Phillips and Herbert Shields 
of the forest Scnice also detailed work 
being done in deielopment nf equip- 
ment tailored to light helicopter ttans- 
portation to fire are:is. aimed es|jecialb' 
at reaching fires within miinites of when 
tliey start ami putting them out before 
they become major conflagrations 

•Applications in geological and petrn- 
leum fields also were outlined at the 
meeting, w ith large, tandem rotor A’ertoi 
lielieopters taking o'er the task of 
'eismograpliic team trans|)ort in swampy 
areas, including the equipment required 
tor taking tlie profiles- Capabilities of 
large helicopters can be greath exploited 
the meeting was told, both in single and 
imilti-rotOE and single and multi-engine 
configurations. 

Speaking on prosisccts for commercial 
helicopters. L, \\ elth Pogue of the 
Helicopter Council of the .Aircraft In- 
du.stries .Assn, told the operatots that 
while there are manv things in their 
favor, there ate many areas in which 
they contribute to their own isrogtess. 

Areas which he cited included: 

• Public acceptance, with the operator 
coujjcrafing to keep annoiances at a 
miniiiuini while constantly endea' (iring 
to fell liis sfon’ when and where |3ossihlc 
,15 to the benefits liis helicopters can 
contribute to tlie community. 

• By keeping posted on proposed regu- 
lation.s in flight operations, safety and 
similar as])ects of the industt' as they 
ate fonned by federal -Asiation .Agency, 
and making known tlicir feelings con- 
cerning tlic piopasiils. 

• By helping coramimities plan acciir- 
:itelv for helicopters— in heliports, lieli- 
stops, land use ordinances and other 
local rulings w-liicli, if properly forni- 


ulated. will sinootli the way in the 
future and not require local battles to 
get rules changed, a difficult process at 
best. Pogue indicated. 

.Another f.ictor whicli will gratis- 
influence the liehcoptcr industry, rogue 
pointed out. is the introduction of 
turbine power, which will base a great 
effect cm economics of the rotorcraft 
operating iiidiistn'; and can substantialls 
cut costs and enable the operator to 
sell his sersices to more people for less 
ninne\', a sure pattern for substantial 
gro"4ii O'er the years. 

PRIVATE LINES 


Kredctich B. .Ayer &- .Associates, 
X. A'., reports that of lO Cnmair 240s 
deli'cred to it tliiis far by American 
.Airlines it has sold three, two to Sonth- 
c-ast Air Lines and one to a U. S. cor- 
])cm.ition for exccuti'C use, and has two 
on lease to corporations and hvo on 
option, 

Madison Municipal Airport. W'is.. 
notes that traffic at the field last year 
totaled I2i.l4f) aircraft takeoffs, an 
increase nf I0''4 over 1957, Milihry 
landings or takeoffs totaled 65.845 or 
about 5’.5?f of the 1958 total. Local 
and itiner.int priiate aircraft accounted 
for ’7,626 landings and takeoffs last 
year, an increase nf 20.74%. Airline 
ojicnitions totaled 19,67'!. an increase 
of 8-517.'. .Airline passengers handled 
at field by Northwest Orient and Xortli 
Central airlines last 'ear totaled 
124,401. 

Pacific Ainnotivc Corp., Bnrbiuik, 
Calif., purchased Lear. Inc.’s stock 
lioldings of 70,000 shares in P.AC, ex- 
ercising an option. Transaction in- 
'•ohed some 8250.000 in cash. .Stock 
w-as issued to I.t-.ir. liic.. when P.AC 
took O'CT I.i-ar's .Aircraft Kiigineeiing 
Di'ision in 1956. which is now oper- 
ated :is Ibic-Aero Kngineering Corp. 

Cessna YH-41 liclicoptor aimpleted 
liigli-altitude performance tests for 
U.S. .Amiv in Siena Nevada mouu- 
t.iiiis, wlicfe tliere :ite sites at 4.000. 
7.000 and 9.500 ft. YH-41 operated 
from higlicst site :it normal niaxmium 
gross weight and wifli 200-lb. O'crlnad- 

New Pijscr distributor for Oklahoma 
is Ross .A'iatioii, Inc.. I’lilsa, which 
will operate its franchise from Riser- 
side .Airport. Ross w ill build addition:il 
facilities at the airport. 

Titaniiic has dc'clnjicd fliiotcsceiit- 
type aircraft finishes, trade-named 
Glare, to spccification.s MlL-P-21563 
(Acr) and MIL-P-21600 I.Acr) and re- 
ports tliat samples are a'siilablc from 
its Uiium, N. |.. office. 


Where space is 
important... 

westronics 

DUAL PEN 5" 
RECORDING 
POTENTIOMETER 



I BOTH PENS RECORDING 
FULL SCALE 

FEATURING 

I SMALL SIZE 

I • Only 25% the size of old 
I line instrumenfs 
I • Two recorders will mount 
in standard relay panel 

I VERSATILITY 

• Minimum span— 1 MV 

• Plug in ranges, MV or TC 

• Chart drives, synchronous 
and/or selsyn, with large 
selection of chart speeds 

I • Marker pens, L and/or R 

• Limit switches 

• Transmitting slidewires 
Also available: One and two 
pen 11" recorders 
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SAFETY 



C/iB Accident Investigation Re/utrl: 

T-33 Pilot Blamed in Viscount Collision 


On May 20, 195S, about 1129' KI)T, o 
Capital Airlines N’iseotnil, N 7410, and a 
Maryland Air National Guard T-15. ??966, 
collided in the air about four miles east- 
northeast of Bntnsm-ick, Md. Seven pas- 
sengers and the crew of four aboard the \’is- 
count were killed. A p.issenger in the T-21 
was kitted but the pilot, although sevcrelv 
burntd, parachuted safety. Both aircraft sscrc 
totalh destroyed by in-flight collision, ground 
impact, and the ensuing Are. 

ihc collision occurred at an altitude of 
about 8,000 ft. on A'ictor ,\irssav 44 while 
the y'iscount was descending en route from 
Pittsburgh to Baltimorc-Friendship .\irport. 
It was opcr.sting on an instnuneut flight 
rules fligfit plan but in visual flight rules 
weather eonditioiis. The T-33 pilot was on a 
kT-'R proficienev flight from Alartui .kirport, 
Baltimore, Md.' 

Just before the collision the aircraft were 
observed in the area west of Brunswick fly- 
ing parallel easterly courses with the T-33 
some distance behind and to the left of the 
X’iscount. The T-33 quickly overtook the 
k’isconnt and made a gentle right turn, dur- 
ing which it struck the forward left side of 
the fuselage of the k'iscoitni. 

Both aircraft were being operated in \ isital 
flight mlcs weather conditions and it was 
thercloie the responsibility of each cte«- to 
pios'ide separation from other aircraft by 
l isnal reference. The right-of-way rules con- 
tained in the Civil Air Regiilations clearly 
set out Ihc pilot’s responsibility in the over- 
taking situation.’ 

It is the Board’.s aim to provide for a 
positive control system of aircraft separation 
wliich will not depend upon the “see and 
be scca“ principle to prevent the oc'cmrencc 


J^All^tlniM ^«r*ln are Eastern Daylight bases 


of collision accidents. The Board lias been 
actii-ely engaged for some time in llie de- 
velopment of such a program. Its full im- 
plementation is several vears aisov and will 
be dependent on additiounl tccimieal im- 
provements in equipment and on the ex- 
pansion of the air traffic control facilities to 
accommodate the cs-er increasing amount of 
traffic. 

Since the iiccident the US.AF and Capital 
.\irlines. along with other carriers, in an 
effort to reduce collision hazards, base re- 
qnired. in general, that all aircraft on airway.s 
abos'C 10,600 ft. be operated in accordance 
with If-’R. 

INVESTIGATION 

Capit.il .kirlincs (CAP) Klight 300 is a 
regular flight from Chicago, HI., to Balti- 
more. Md., with one en route stop at I’ilts- 
biiigh. Pa. -nic flight of May 20 departed 
Chicago at 0755 C13T and piocccdetl to 
rittsburgh. Tlio crew consisted of Capt. K. 
J. Brady, First Officer P. F. Mever, and 
Stewardesses J. Hunt and II. Irrirzaiv. The 
aircraft did not require service or mainte- 
nance at Pittsburgh. It was properly loaded 
and dispatched and at 1050 took off for Bal- 
timore. An II-’R flight plan had been filed 
and clearance obtained to cruise at 11.000 
ft. to Millshnro intersection, thence to Bal- 
timore via X'ictor Airways 92 and 44. 

.At 1115. when crossing Crantsville intcr- 
.seclion on course, the flight contacted 
Washington Center (U'.asbington ,\ii 
Route 1'raffic Control) reporting its posi- 
tion and estim.iting Mattinsbiirg at 1127. 
W'ashington Center acknowledged this tall 
and recorded the report on the flight prog- 
ress strip. .At approxiitiatclj 1I24, Center 
cleared the flight to the Lisbon intersection 
’Civil Air Regulallonv Part 60.11. 


to descend to and maintain 7,000 It. At 
1126, Capital 300 reported over Martins- 
biirg, le.iving 10,000 ft., estimating Balli- 
iiiore at 1139. When this report was re- 
ceived. Center was able to establish identifi- 
cation of the flight by radar. 

Recordings of the conversation between 
Center and Might 300 were analyzed- From 
these it was detamined th.it approximately 
41 sec. after the flight reported over Mar- 
tinsburg it was given a further clearance by 
the Center controller to descend to cross 
Sugar Loaf intersection at 5,000 and to 
maintain 5.000. C.Al’ 300 acknowledged 
this clearance and reported leaving 9,000 ft. 
This transmission w.is made approximately 
48 sec. past 1126 and was the last trans- 
mission from the flijlit- 

The Washmglon Center controller who 
was controlling C.AP 500 staled that at the 
time the target was first identified on the 
r-idarscope. Might 300 was on V 44 pro- 
ceeding eastward and there was no other 
traffic noted within I 5 mi. of it. In addition, 
no other target was seen in the vicinity of 
Might 301) at the time of the final radio con- 
tact- He said that a few minutes after the 
final ttaiisniission, on one sweep of the an- 
tenna he saw a feint return of a target near 
C-AP 300. On the next sweep the target had 
disappeared and the “blip" wliieh was known 
to have been the k'iscount was somewhat 
enlarged. The controller initiated a call to 
the flight to dctcrniinc its altitude and to 
adiiH' of pos.sible \'KR traffic but was un- 
able to contact Might 300. The target of 
Capital 300 remained almost stationary on 
ihe scope for about a minute and then 
faded. It was determined that this c-all was 
made three minutes and three seconds after 
Flight 300 had made its report over Martins- 
burg. 

Capt. J. R. McCoy of the Maryland Air 
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National Guard (Md. .ANG) h.id arrived al 
Martin .Airport several hours hclorc his 
flight. He had planned several davs prior 
to Ibis to take a member of the National 
Guard in a T-33 jet aircraft on a lamiliariza- 
lion flight in the local flying area. 

33'hen the passenger arrived at the field. 
C.ipt. McCoy began preparalions for Ihc 
flight. He said he briefed the passenger on 
use of the petsuna] ec|uipiiient, oxvgen. r.idio 
and interphone, and emergenev proceduics. 
lie filed a local \'FR clearance (.AF Form 
115) anti obtained a weather briefing from 
Ihc U..S. W'cathcr Biiieaii facility at Balli- 
more-Friendship .Airport bv telephone. Capt. 
McCov said he then proceeded to the air- 
craft and conducted a “walk-around” in- 
spection. .After satisfying himself that the 
aircraft was in good condition, he gave his 
p.issenger a last check and entered the cock- 
pit to begin the flight. 

ANG 35966 took oB from runw.iv 14 at 
1107. The flight proceeded soniliwaicl. 
climbing to 5,000 ft. Capt. McCoy said 
the weather briefing he liad received before 
takcoB indicated there would be an over- 
cast at 5.500 ft. in the Baltimore .area. He 
said tliat to his best iccolleetion this was 
the condition he found. He conlhincd south 
to about Gibson Island, Md., on Chesapeake 
Bay, keeping below the overcast, and then 
turned to a westerly heading, passing north 
of W'ashington and south of Friendship .Air- 
port to Lee.sbnrg. \'a. 

Capt. McCoy could not teenll bis various 
-altitudes, headings, or speeds because he 
was not flying a constant course. He said it 
was not imcoiiiiiion for these to v.iiy con- 
sidcrablv on a A'FR flight, lie said the 
clouds in the AA'ashinglon area were about 
10,000 ft. ,md that he had at one time 
climbed to about 9.000 ft. between AA’ash- 
inglon and Leesburg. From Leesburg, he 
proceeded up Ihe Potomac River to Harper's 
Ferry. \V. \',i. lie remembered descending 
from 8,000 to 5.000 ft, just prior to reach- 
ing llarper'.s Ferrv to allow his passenger to 
photograph this scenic spot, lie also re- 
membered that he had selected R5"> rpm. 
hut could not recall his airspeed. He said 
he made a left Intii around Hiupcr’s Ferry 
at 5.(100 ft and picked up an easteily head- 


ing. intending to proceed to Baltimore vui 
the Frederick, Md.. area. 

-According to Capt, McCov. after str.iight- 
eniiig out on this course, he began a stow 
climb, still maint.iining 85% rpm. He did 
not know his airspeed or rale of climb but 
did rcc.ill seeing the altimeter indicating 
8,000 ft. At this point he said, he thonghl 
the aircraft exploded. He did not know- 
how he got clear of the aircraft, which was 
tumbling and afire, but recalled opening hjs 
parachute and descending to the ground, 
lie then walked some distance to ,i farm- 
house and a-qiiested to he taken to a hos- 
pital. There Capt. McCov learned for the 
first time his .aircraft had been involved in a 
collision, 

Wecither Improves 

Capt. McCoy, in answer to various ques 
tions, said tlie weather conditions he had 
encountered had iinpiovccl as he proceeded 
west. Near AA’.ishiuglon, D.C.. the base of 
the overcast was approximately 10.000 ft. 
Ill the accident area there was less tlian 2/10 
cloud coverage and he had remained below 
these scattered clouds. He said the flight 
had been a normal A'FR proficienev' Right 
and he h.id not made use of any radio navi- 
gation .lids, although he was at all times 
guarding the UilF radio freqneiicv 236.6 
me. iM.irtin Tower). He also s.iid the air- 
pl.mc h.id perfornied atisfeclorily and no 
mccliauii-al difficulty was encountered. 

Capt. McCoy further testified th.at he 
did not perform any acrobatics nor did his 
passenger handle the controls of the aircraft 
al any time. He stated that he inaininined a 
constant lookout for other aircr.ift through- 
out his flight. He further said the wind- 
.shield and canopy of the T 33 were clean 
and that no distraction or cockpit duties had 
iiiterfered with his lookout prior to the acei- 

Niimeroiis witnesses In the area were 
tontiicted, all of whom were in substantial 
agreement in their dcseriptioiis of the jcei- 
ilenl. niey agtsod that just befiire collision 
both aircraft were on appro.vuimlclv parallel 
easterly headings and did not appe.ir to be 
clmihing or efesccndiiig. Most described 
the A'lsemmt as flying siiaight and level oil’d 


st.ated that it was ahc.id of the T-33 at all 
time-s until collision. The T-33 .ippcarcd to 
he traveling consideiahly faster and rapidly 
ovcitaking the A’iseoimt from a position 
behind and to the left. The T-33 was then 
.seen to make a shallow turn to its tight dur- 
ing which it vlrnck the forward pari of the 
A'iscoiiiit. The witnesses s.tid there appeared 
to be a small explosion when the aiicraft hit. 

■After collision the aircr.ilt separated and 
the T-33 coiitimicd on Us original cmiisc for 
a short distance, then exploded. 'I’hc A'ls 
count .nppeared to pull up to a near stall, 
tlieu 5pm stcepiv. Tliis spin giadualK les- 
sened to a clow flat spin which continned 
until the Viscount hit Ihe ground. Tliese 
witnesses, as near as could lie determined, 
pl.iecd the collision over ,i point approxi* 
mntcly 14 mi. e.ist of the Martinsburg oiimi 
station and one mile south of its 107-dcg. 
radial. 

Most of these vvitncsscs viesved the -air- 
craft while looking toward the north. Tlicy 
said Ihes watched as both aircraft passed in 
front ol them from left to right. .All of 
them were able to distinguish the diSercnce 
bctwxicn the A’iscxumt and the T 33. Tlicsc 
witnesses said that there were light fluffs 
clouds in the area with the .nnoiint of cover- 
age varioiislv estimated frons iVth to 3th 
nf the sky. Several witnesses said the jet 
was inoinenlarilv obscured bv clouds and 
thouglil it cither entered clouds or passed 
Iichmd tlieiin others mid both aircraft vvere 
liclovv the clouds. 

'I’lic snrf.ice weather chart for 1100 MDT 
on May 20. I93S. showed ,i cold front off 
the east co.ivt extending fioiii Nova Scoli.i 
to Norfolk, A’li.. and rhcnce ill a .soiitli- 
wcstcrly direction through the Carolinas and 
Cco^ia. A deep low pressure area was ecn- 
lered over Hudson Bav with a ridge of liigh 
pressure rner central United States. 

Surface weather oliserviitfon at Frederick, 
Md., at t056 KDT iiidicatecl there was a 
ceiling of broken clouds (I’nths covemge-t 
estimated to be 12.000 ft. high with visibil- 
ity 15 mi. It also indicated there was a 
lower lavcT of eiimnliis clouds with bases at 
5,00(1 ft. ’nijs lower lavcT ammmtcd to 
less than -,'nth coverage. Ilic 1157 EDT 
ohsenation showed there were scattered 
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itoiids at -4.500 ft. which amounted to a 
T^ath sky cos-erage; an estimated broken ceil- 
ing at 12.000 ft. ot approximatciv i^ths 
cloud coscra|e; and a visibility of 15 mi. 

Other reporting stations west of the acci- 
dent site showed similar conditions. The 
1000 Hagerstown. Md., obsersation was 
high broken clouds, visibility mure than 
15 mi. The 1100 observation reported scat- 
'ered clouds at 5,000 and a layer of higher 
scattered clouds. At Martinsburg. W. Va.. 
the 1000 observation was 3,500 ft. scattered, 
ceiling estimated 6.500 ft. broken clouds; 
' isibility 1 2 mi, .At 1 100 the ohservation «as 
4.500 ft. scattered, high thin scattered; visi- 
bility 12 mi. 

Cloud Cover 

The cold front was moving eastward off 
the East Coast, .As shown bv the observations, 
the cloudinc'ss in the Brunswick. Md.. area 
had bc*cn decreasing throughout the morn- 
ing. .At the public hesring a forecaster for 
the U. S. AA’cathcr Bureau testified that the 
weather reports around the area of the acci- 
dent indicated there were approximately 
fitlis to Aiths clouds in the lower levels 
-vith bases around 3,500 to 4.000 ft. The 
witness stated, however, that because of the 
(Icaring situation which existed, cloud cov- 
erage could vary considerably in a few min- 
utes. It would have been entirciv possible 
for the coveiage at a particular time m the 
.srea to have been as fittle as Aith to Ath. 

The svrcckage of both aircraft was widely 
scattered over an area of about one mile by 
1} ml. approximately four miles northeast 
b- east of Brunswick. .Although pieces of 


w.tcckage from both .lircraft were inter- 
mingled over the entire area, there were 

ground. Pieces of the fuselage forward of 
the wing of the A'iscount were strewn along 
s path aliouf 4,500 ft. long, running 
roughly west to cast. The remainder of the 
aircraft came to rest about 1,300 ft. south 
of this line of wTcckage. It hit In a nearlv 
level attitude on a heading of 65 deg. witfi 
little horixontal spettd. Impressions and fur- 
rows in the ground indicate the aircraft was 
in a flat spin to the right ut ground impact. 

A'arious piece.s of the T-53 fell along a 
line ahoul 7,500 ft. long vsliich diverged 
southeastward from the A'iscount wreckage 
path. The wreckage path of the T-33 was 
on a hearing of approximately 155 deg. with 
the more dense portions of wreckage coming 
to rest in more southerlv positions. The 
main portion of the A'iscount broke np and 
burned when it hit the ground. 

.All four engines and propeller assemblies 
remained in their approximate proper posi- 
tions. Tlic No. 1 and 2 propellers showed 
no evidence of inflight impact damage. IIow- 
cver. the blades of No. 3 and 4 propellers 
were severely nicked and scratched oy in- 
flight contact with metal objects. Tlie fuse- 
lage from station 414 aft was scscrely dam- 
aged by ground impact but showed no evi- 
dence of inflight impact. Tlic tail assembly 
was detached from the fuselage and bore 
tvidence of having struck considerable 
debris which lud scraped and dented it in 

The A’iscount fusebgc from station 0 to 
station 132 was demolished. The lower por- 


tion. from the cockpit floor to the bottom of 
the fuselage, was the bigest section remain- 
ing. .All flight deck installations had been 
tom off the floor and the top surface of the 
floor was burned. Some tom edges of air- 
craft skin remained above the floorlinc, the 
inside surfaces of which were burned. Be- 
tween stations 72 and 102 skin on the left 
side was tom and curled inward along a 
tairlv straight line extending aft and dow-n- 
watd to the floor level. .Aft of station 47 the 
.«klii above the floor level on the tight side 
of the fuscbgc was torn aw-ay bv loads act- 
ing left to right. 

Floor Crushed 

The floor structure was crashed from the 
left to the midpoint of the fuselage between 
stations 12 and 112. To the rear of this 
point between stations 112 and 132 the 
floor .structure, transverse beams, and loner 
bulkheads were severely damaged and 
aiishcd from left to right to the middle of 
the aircraft. 

The nose gear was found in this portion 
of the aircraft and was in the fully retracted 
position. The retract strut and its supporting 
structure, which attaches to the forward side 
of the bulkhead at station 132, was tom out 
and the left end of the support structure 
was deformed to the right by loads acting 
from left to right. 

TTie left nose gear pivot support, which 
was torn loose from the bulkhead at .station 
132. contains a fitting plate with 10 nut; 
in two parallel rows. These nuts and the 
holt'thcend ends had deposits of alumimim 
from the nose section of the right T-33 tip 
lank. A portion of the station 132 bulk- 
head angle located about 20 in. below the 
floorlinc was bowed inward and upward by 
impact. The rivet p.ittcrn on a piece of skin 
in this area also matched rK-et imprints on 
the right side of the nose section of the 
T-33 right tip tank. Three pieces of skin 
from the left nose section just forward of 
station 132 near the floorline bore signifi- 
cant inflight impact markings. 

Tlie etrtire outside of one piece w-hich ex- 
tended from the floorlinc to the first 
stringer below and approximately 11 ft. 
forward from station 132 was covmd wHth 
vertical scratches and black deposits from 
the T-33 wing fuel cells. In addition, there 
were a number of deep gouges tunning in 
various directions on tliis piece. The remain 
ing two pieces, which extended upward from 
the floorlinc 17 in. between stations 90 and 
132, were also covered with similar scratches 
and black deposits from the T-33 fuel cells. 

Other portions of the fuselage nose sec- 
tion showed the same tvpe of heavy impact 
markings and tearing of the left side in an 
area forward of a line extending ronghiv 
from station 122, 17 in. above the floorlinc 
to the front lower corner of the pilot’s slid 
ing window. .Above and aft of this line to 
the top of the w indows there was little dam 
i-ge; however, the window glass was sh.it 
teted and. although still in place, bowed 
inward. The windshields were btoken and 
the frames distorted to the right. Several 
small fragments of nose skin, which were 
still allachcd to these frames, and several 
small pieces of .skin from just forward of the 
windshield were torn and severely distorted 
by loads acting left to right. The glass in 
the copilot's side windows was still io place 
but shattered and bowed outward. No sig- 
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nicant pattern of scratches was funnd on the 
outside of any of the skin from the right 
vide of the fuselage. 

Thu skin on the top of the fmclagc from 
the windshield aft to station 132 was sc- 
YtTclv battered and torn. In the urea to 
the left of the fustlaEc ccntcdinc there were 
mimtrous scraps uml gongev tinming from 
left to right and sHghtIv ionvarvl. In 
addition, there w'crc several red and blue 
paint smears in tins area. Tiie alcohol de- 
icer lank, which is Irscuted in the ceiling of 
the fuselage left of the centerline and for- 
ward of station 132. had a deposit of blue 
,\nnt on its left end. TTiis end was also 
damaged by inflight impaet. The nuns horn 
I'litcnna was broken from its position on lop 
rif the fuselage at station 132 and sliow'cd 
numerous red and blue paint markings on 
its left side. The antenna matched an ins- 
print on the right side of the .ift fuselage of 
the T-33 at the US.AI' roundel. 

Most of what was found of the lein.iindcT 
of the forward fuschge. aft of st-alion 132 
to station 414. had little evidence nl flight 
soliision damage. Tlicre were, however, 
four ureas in this section which did bear 
licavv impact markings. Oiic was below the 
front entrance door on the left side. 'ITic 
skm in the area between stations 132 and 
222 and stringers 34 to 39 were missing, 
hut tluit rem.iiiung aroinul tile vxlgcv oi 
this hole was crushed inward. There were 
black deposits from the T'3 wing tank 
fuel cells above this same area from stringer 
60 to 62. Ill .iddition, a dmihle row of 
hrj/ier head rivets through stringer 60 be- 
low the main entrance diKir had deposits 
of green anti-glare paint from the inboard 
surface of the T-3s right vsing lip tank. 
Several fragments of skm from pist fonv-ard 
oi the door and Iwtwecn stringers 59 ami 
6ll also had some deposilv of green p.iml, 
Belvveen stations 16R and 18” tlie green 
paint deposits were found just above the 
dirnble row of rivets at stiinger 60. 

Paint Marks 

Ollier Miiall fngmenis of skin from this 
general area .also bore esideiKe on then 
(iiitsidc sutf.tce of the green paint from 
the T'35 tip tank. Svtalclic-s on the .skin 
lietween stations 154 and I “6 extended to 

of the gro-en* p,iiut deposits were found in' 
these scr.itolies .nid thev appeared to define 
the lower limit of the tip l.uik contact with 
the A'iscount fuselage. Rearward the dam- 
age inilietexi bv the lip tank extended to the 
ice .striker plate. On tins plate, hetwein 
stringers 56 .md 5”, .md about station 2"1. 
there wax an indentation of some 10 in. 
iu length whieh iinlelieil the lip nf tlie fin 
from the T-33 right tip tank. 

Another area of inhiglit inipael dimagc 
was on the upper left side of the A’lseonnt 
fuselage from stulions 198 to 252 .and be- 
tween stringers 5 .ind 10. In this entire 
ua-a the skin was tom. buikicti, and curled 
In an object niosing from left to right, 
ssitli the most ‘cscre d.nn.ige in an area 
bounded by station 215 to 232 and string- 
et- 8 and 9. AA’hilc no ptcxisc m.atehing of 
tins damage with the T-35 wa.s possible, it 
apptartxi to have Iseeii made by the T-33 
right liori/oiilal stabiliser, the mangled tip of 
which was marked with blue and wlvite 
paint siniil.tr to the paint on the A'iscount 
fnsekigc in this area. 


TTie forward cargo door locitcd on the 
right side of the A'iscount fuselage also 
showed inflight impact damage. .A portion 
of the main bulkhead on the T 33 right tip 
lank had penetrated the door betwcx'ii 
stringers 37 and 38 just forward of station 
176. 'I'hc skin was curled outward indic.it- 
ing mos'emcait from left to right ami a 
portion of the bulkhead n-inaiiicd lodged 
in the hole. 

'['here were deposits of red paint from 
the lip of one of the A’iscount propeller 
blades on tlic exterior surface of the A'is- 
count right liand lee striker pble. 'ITie plate 
wax also cut and damaged bv tins iiiBigiit 

From tlic vvidelv scattered wreckage of 
the T-33 it was evident the aitciafl disin- 
tegrated in the air following the collision. 
The fusebgc fnrw.ird of station 22S.3 caine 
lo rest inverted and Inirnccl. No evidence 
vv.is found in tins portion of wreckage to 
indicate heavy or consistent inflight impact 
loading. Most of the daiiugc .ippe.ircd to 
luu'c resulted at ground impiet with the 
exception of the c.niopv gl.iss wliich was 
found in widelv scattered locations and ap. 
parent!) sliatlercd in flight. I'oitimis of 
this canopv glass and other parts not in 
the area of gionnd lire showed evidence of 
burning or licas'v deposits of soot. 

'ITve middle section of the fusebgc was 
iirokeii III numeions pieces. One section 
extending about two feet aft of the rear 
wing spar, w.is not scverelv deformed except 
for a small pumtnre in the center of the 
piece. .Aft of this area the right-hand side 
of the fusebgc was seicrclv dcfoimed and 
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BOAC's Boeing 707-420 Wing Assembled 

Wing for tilt first Britisli Overseas Airvsajs Cot|>.’5 Boeing 707-420 Interraiitiiiental (fore- 
ground) is assembled at Boeing's Renton, %Vas1i.. plant. The 707-420 nill be the first of its 
tvpc to be eqiup|ied ssith Rolls-Royce Cnnwoy Co, 10 turbojet enginc.s. BOAC has IS 
IntiTconlinentals on order, ssith first deliveries' scheduled tor this year. 


portions of it svcrc mis,sing. No fire rl.iiiiage 
S1J5 grcwiil on these pieces of ssrcclia^. 

ntea ssas flattened inss'ard bs‘ inflight impact, 
ssjs covered ssith pock marks from shat- 
tered glass fragments, and had numerous 
scrape marks running dossnsvaid and in- 
\sar3 at sarious angles. There ssere white 
p.i,nt deposits in some of the scratches and 
black depasifs on those more par.illel ss-ith 
the longitudinal axis. 

The left side of the center portion of the 
fuselage remained attached to the ssiiig 
structure. There ssorc minor scratches and 
liistortiniis of this wreckage but no pattern 
of inflight mipict d.iniage could be asccr- 


Right Side Torn 

The right side of the aft fuselage was tom 
.md crumpled osving to forces acting rear- 
nard, dossnsmrd. and inward. Ilic lessor 
right side aft of the attachment to the fuse- 
lage center section ss-as covered ssith 
scratches mnmng dosvnssard and rcarssarcl 
at alioni 4i deg. to the longitudinal axis of 
the airpl.nic. 'Ilicrc were svhite paint smears 
ill the 5.imc general ditection .siitl pock 
marks Irom shattered glass fragments. The 
iiiipvcssioii left by contact with the rams 
horn antcniia ssas aft ,ind abuse this area. 
Scratch marks frum this impression ex- 
tended down and rearward through the 
L'S.kl'' roundel on the side of the fnsebge. 

The T-3^ right tip tank received cx- 
ttiisivc mfli|ht impact damage. Tlic nose 
section had sep-iralcd and was crushed in- 
ward with diagonal aecordion-likc pleats 
which indicated inward and tcarsvard act- 
ing toads. In the green painted .area just 
inboard of the top center of the tank there 
were scratches from a donhic rose of rivets 
extending across the tioiighs and crests of 


the pic-its. These riset sctatelies ran in- 
board and aft at an angle of approximately 
4” deg. to tlie longitudinal axis of the 
t.mk. On the miter side near the front end 
of this section of tank there ssas an im- 
pression m.idc bv the ssindshicld alcohol 
c'l-icei filter of the X’istxiniit This filter is 
lue.ited at st.ition HU. on the left side of 
tlic k'iscount fuselage, eight inches inboard 
of the skin and 12 in. below- the floor-line. 

The indentation from the \'iseoniit nose 
gear pisot support pa*viousIv mentioned 
was also on tliis poitioii of tip tank, iip- 
piiiviniateh 1“ in. forss'ard oi the joint 
svlierc this section joins the cs-Untlntal sec- 
tion of tank and a few inches abos-e the 
unteiliiic of the outboard side. ,\lso at 
the eentcrlinc and about three inches aliciid 
of tlic joint there ivas a distinctive rivet p.it- 
Iciii made bi flush rivets at tlie skin seam 
tn the left side of the S’iseonnt at station 
ls2 bctsvccii stringers s6 and 57, 

The cylindrical or center section of the 
l.nik was jescrcK distorted and torn. In- 
board of the lop centerline tlic aforemen- 
tioned pattern made b; the braxier head 
rivets, from the left side of the X'isconnt 
below the front loading door, ran nearly 
OH deg. to tile longitudiil.il axis of the 
tank, lliere wete also some accordion like 
plcilts rnmiing fore .inci aft along the top 
anlcrline of the tank. The m-ct pattern 
siralehcs i.m into some but not all of these 
pleats. 'I'lic tail rone or rear section of the 
tip tank also showed this pleating effect 
.ilong its top center. In addition, there were 
nmiierons rivet scialclics on its outer upper 
surface tnmiing inboard and aft at an angle 
of about 45 deg. from the longitudinal axis. 

llic T-5? entire right wing ssas .shatteted 
fioin the tip inboard to a line running in- 
board and an at approxiiiuxtcls ?5 deg. from 
station <)5 at the ‘taiding edge. Pieces of 


the top surface of wing and allcion from 
this area ss-erc heavilv scratched and bore 
light blue and u-hitc paint marks. The 
scratches, which were found only on the 
upper surface, ran inboard and aft at angles 
of approxini.iteh- 42 deg. to 45 deg. to the 
longitudinal axis of the aircraft. T'he frac- 
tures ill the shattered wing were ronsisteiit 
with downward ,ind rearwatd-acting loads. 

One six-foot section of top surface stringer 
with pieces of skin attached was concaved 
dowmward- llic most inboard detached 
piece of front upper spar cap extended from 
station 65 to station 105, ,\t station on 
the top surface of this piece tlicrc was hcasw 
gouging and it was concaved downw-ard. 
I-'rom this point inboard to the break, the 
spar cap was twisted nose down and bent 
aft and downward approximatclv 50 deg. 
'Ilic most inboard det.ichcd piece of rear 
upper spar cap extending from station 52 
to station 116 was how-cd rearward about 
20 deg. No iiifliglit impact markings were 
found cm the left wil^, 

T-33 Empennage 

The mam part of the T-55 empennage 
was found in one piece. With the excep- 
tion of the right fioriroiital surfaces, vers 
little damage was noted, "nie right hori 
zoiita! sl.ibih/et was severed and fragmented 
onthoard of ,i line from station 40 at the 
leading edge to station 50 at the rear spat. 
.Most of the tip portion was iiecounted for 
in two pieces. 'Ilic forward pictc was dc 
formed inward and rearward and bote 
iniracToiis light blue paint smears, .\pproxi- 
matcK one square foot of skin remained 
attached to this piece. There were scratches 
and blue and white paint deposits on tlie 
top surface in two different patterns, One 
|iattem tan rearward and inboard at an 
angle of about 55 deg. to the centerline 
of the airplane, the other w.is at an approxi- 
mate angle of 45 deg. 

Examination of the k'iscouiit engines and 
propellers disclosed no evidence of operat- 
ing diffit'tillics prior to impact. .\s staled, 
the four engines remained in their approxi 
mate relatis-e posilons to the main wing 
spar and ail four propellers were tight on 
their shafts. 

Tlic propeller blades, in addition to the 
d.miage pn.ximisly mentioned, were liciit 
ill sarions directions and angles. The pitch 
changing mechanism in eacli was in good 
condition. 'The No. I and 2 propcllei 
piston positions were 84 deg.. 20 min. and 
"4 deg- 50 min., rcspcctiseh, in the fcathet 
range. The No. 5 and 4 were positioned at 
42 deg., 50 min., and 41 deg.. rcspectiieK. 
Die propeller control units on the No. 1 
and 2 were found in the feather and one-' 
sixteenth inch from feather position, re 
spectively. Tlie shutoff cock on the tuel 
rontrol unit for No. 1 engine was hallwas 
bihseen closed and feathered position, while 
that for No. 2 was closed 

The control pedestal was broken free ol 
the cockpit area and found approximately 
onc loiirtli of a mfle from the cockpit floor. 
The positions ol throttles on this section of 
pedestal were found to be oiichaU open, 
'file positions of the controls and the No. 
1 and 2 propellers in the fcatlier range, arc 
not considered as reliable esidence of their 
opCQtional positions prior to the accident. 
The distortion and mutilation of the engine 
control ss'stcnis. .sn.staiiied in the collision. 
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roiild base repositioned the controls to 
the settings found during c.xamination. 

.Ml four engines showed simitai damage 
from ground impact and ground Arc. The 
engine mount stmts were bowed and the 
engine mount attachments were broken. 
Tlic turbine assemblies were crushed lu 
tile airframe firewall mid the aiixilan gc.ic 

The T-55 engine struck the ground, 
accescirv section first, dismtegr.itiiig tli.il 
section as well as the accessory dris'e and 
compressor seelioiis. The tiirbiiie bnekets 
were htoken from the turbine wheel but 
did not indicate esidenee of rotation at 
ground iinpaet. Tills was also true of tlie 
lanes of the compressor unit. .Ml the 
evidence indicated that the engines of both 
anCRift were operating iiofinalh prior to 
collision. 

Maintenance records for holli aircraft 
iiichcatcd tiles- were maintained m an air- 
wortliv cxmdilioii in accordance svith .ippli- 
t.ihle regulations, There were no outstand- 
ing diserepaiieic-x affecting their airworthi- 

Title 1 of the Cual .Aeronautics Act of 
!'t5fl. as amended, charges the Board svith 
the responsibility for prescribing and re- 
using .\ir Traffic Rules lo regulife air exini- 
iiieiec in such a nianiiei as to best promote 
its dcs*elopmeiit and s.ifcti-. The statutory 
.lUthoriti- for the promulgation of these Air 
Traffic Rnltnr is set out with particularity 
ill 'Title \'I of the .Act. In addition, the 
pioc'exhire the- Board must folloss in its 
iiile-iiiaking fniicfion is gosenied In the 
Administrjlise Procedures let. 

'This statutory juthoritv was described bs 
a witness from the General Rules ninsioii. 
Bnrciu of Safety. CK-il Aeronautics Board, 
at the public hearing. Part 60 of the Ciiil 
Air Hegnlatioiis has been dcselopcd by the 
Board pursuant to this .mthoriti to gosem 
the operation of all aircraft, civil and mili- 
taix. There arc two major sets iif rules 
eontamed in this part. Pirst, the A'isual 
Plight Rules (A'FR) w-hieli have been dc- 
leloped on the principle that when weather 
conditions arc ahme certain mimmiims 
pilots will be able to see and avoid other 
aircraft. The second gionp of rales goierns 
the opci.itioii of aircraft when weather con- 
ditions are belosv tlicse minimums when it 
is assumed pilots w-ill not be able to see .uni 
aioid other aircraft- Tliese rules are known 
as liistmmeiit lOight Rule.s (IPRl .md 
under llicm .Ait Traffic Control (.\TC| 
giuiraiitces scpiratioii from oilier cciiitrollc-d 
ancraft. Cciictallv. if there is a ceihiig of 
levs than 1,01)0 ft. or visibilili less lli.in 
three miles in controlled airspace, an air- 
craft cannot he operated according to \'i-'R. 
Ill .iddition. an aircraft wtiile operating in 
weather conditions above tlie niiniimim mav 
not be flown closer than 2.000 It. hon- 
/oiitanv. 500 ft. verlicalh underneath, or 
1.000 ft. sertiealh on top of clouils. If Ilic 
ceiling or sasibility |5 'cs than these mini- 

cloiids cannot be assnicxl, a pilot must 
iipcrate in acx'OtdancX' with ll-'R. In addi- 
tion, a pilot iiiav elect to conduct his flight 
in accQtilmce with IPR even tliongli 
wx-atliet conditions ate above the minimums, 
in this event, because the weather is abme 
the minimum, olhc-r aircraft can be iipcr- 
aftxl acrotding to A'FR williout knowledge 
of .A'TC. Under tlieso circumstances the 


RADOr 
SCORES WITH RCAF 

® RABAK/OP-nCAI. WEAPONS TRAINING SYSTEM 




Del Mar Engioeerirtg Laboratories 
Radop K'eapons Training Syslemj 
are used extensively in the training of Royal Canadian Air Force pilots. 
By firing rockets and missiles at inexpensive Radop Tow Targets and 
by using Radop Scorers to measure miss-distances in three-dimensions, 
the RCAF saves Canadian taxpayers millions of dollars and introduces 
a higher degree of realism into training than is possible with other more 
costly systems. 

RADOP SYSTEM COMPONENTS 

1. RADOP TOW RFEL — First to reel a target out in excess of seven miles 
...and in less time than required for the tow plane to reach its firing range. 


2. RADOP LAUNCHFR — First launcher used to eject, to 
targets in fight. 

}. RADOP TARGET 





First light- 
'eight target to contain a special ra- 
dar reflector capable of being picked 
up on GCt radars at slant ranges 
up to 65 miles. Targets also avail- 
able xvith flares for missile exercises. 

4. RADOP SCORER — First unit to 
utilize motion picture and radar tech- 
niques to provide a positive measure- 
ment of miss-distances during rocket 
firing runs. 

For more information on Del Mar 
Radop Systems, u rise for Data File 
AIT'-53R-2. 


ofporsunities uilb this steadily grouiag company. 
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LyCt \ LABORATORIES 

inletnalional airport • los aiigeles 45, californi, 
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DARNELL 




(tUBBER TREADS . . a wU* choice of 
treodc suited Id alt Types of floors, iechid* 
inq Dareelloprene oil. water and chemical. 
resisTont treods. make Darnell Casters and 
Wheels highly adopted to reuRh use^e. 

RUST.PROOKD ... by line platmg. 
Domell Casters glee lender, care-free life 
wherever water, steam and corrodin9 cheat- 
Icels are freely sited. 

LUBRICATION . all twivel and wheel 
bearings are factory packed with a hl9h 
quality qreose Ihot "stands up" under at- 
tack by heat and vrater, Zetk fittinqt are 
provided for quick qrcase-qun lubrication. 

STRING GUARDS . Even theuqh string 
and ravelings may wind around the hub, 
these string giMrds insure easy rolling at 


Contulf the Yallow Aosas 
andor "Cotters” 



pilot (ipcrjtiiig m ticcordsnct* ivilli IFK is 
giisraiitccd .separation oiil) ftoiii otiicr air- 
craft siniilatly operating according to II-'R. 
lie must, therefore, maintain the same 
dcgrcc of vigilance, required during VFR 
operations to sec and avoid utlier aircraft. 

lilt nitness defined “positive control" 
as a traffic control niiich provides separa- 
tion between all aircraft notwithstanding 
vseather conditions, .-\fter manv inontlis of 
studv bv the Btsird the initial step for tliis 
control lias been taken. Tlie Board lias 
adopted regulations for posith'c control at 
high aititndei on certain specified routes, 
licrctofoie. tlie iimiting c.lpahilities of air 
traffic I'ontrol facilities have made this in- 
feasible. Kxpanston of this program will be 
accomplislicd as rapidly as inacased air 
traffic control capabilities permit. 

Elsewlicre positive control is not ever 
cised except when the we.ither conditions 
are bcloiv \TR niinimums and then only 
m controlled airsp.icc. Pilots operating N'KR 
in controlled airspace arc required to main- 
t.iin ernising altitudes in .accordance ssitli 
those designated for the partienbr airsvav 
thev arc using. In uncontrolled airspace 
ilic altitudes are governed by qiudrant.il 
lules, I.O., a certain altitude designated for 
.1 particular compass heading. These rules 
apply only to an aircraft in leicl auising 
flight and do not apply to aircraft climbing 
or descending. 

The ivilncss also testified that the tiglil- 
tif-ssav rules which arc applicable in \'FR 
flight arc set out in Part 60. P.irt 60 of the 
Civil .Mr Regiilations applic'S to all types 
of aircraft operating in the U. S.. civil and 
military. In addition, all .-\ir Force aircraft 
must Ik- operated in accordance with the 
pn.sisiom of .\ir Force Regulation Oil. 16. 
sehich is essentially the amc as C.\R Part 
60 but may contain more stringent rules 
applicable to some operations. Tbc svitness 
said the two regulations jrc not in conflict 
but if the; were Part 60 would govern. 

.\ viilncss for the Civil .\eronautics .\d. 
ministration testified th.it the primarv pur- 
pose ot the -\ir Traffic Control service is to 
pruvide for the safe .ind efficient operation 
Ilf aircraft operating according to instrument 
flight rules. In order for a pilot to avail 
himself of this service he must first file an 
iiistmnicnt flight plan with an -\TC facility. 
I Its flight must lie planned within controlled 
.airspace. lie must obtain an air traffic 
clearance prior to taking off and, fimally. he 
iiuist jdhe-e to the clearance throughout the 
flight. 

Controlled Airspace 

The witness aid controlled airspace is 
iioimally that area within airways structure 
extending from 700 ft. above the ground 
upward to infinity. In terminal areas con- 
trolled airspace extends upward from the 
ground and is extended btctaliv bevond the 
confines of eiiil airways. In addition, all 
airspace, exclusive of restricted areas, aboi-c 
24,000 ft. is controlled airspace. Part 60 
of the Civil ,\ir Rcgnbtioiis delegates to 
the .Vlministrator of Civil .\eronaiitics the 
responsibility and authority to designate 
controlled airspace and when the .\dntinis. 
tralor has determined that IFR traffic 
density justifies it an ainvay is dcsignalcd. 
Airivays are provided with radio facilities 
nuking it possible to navigate along the 
airway by the use of instruments and radio. 


T'he airspace over the accident area is sncl 
controlled airspace and is defined as \'ictoi 

C.A\ maintains an extensive network ol 
aii-ground coniiiiuiiications for the purpose 
of efficiently controlling Ik'lk traffic, W'ash 
ington Center, which controls all Ib'R 
traffic in a designated area around ^^bsh 
ington. within which the accident occurred, 
is eqiiippcxl w'ith such coiniiuinicatioii 
equipment. ,\11 IFR traffic, civil and milt 
taiv. IS handled with this equipment. 

i'hc witness stated that \\’ashington 
Center is also equipped with radar which is 
uicd to augment tlie basic iioii-radat sys- 
tem of air traffic control. If the Traffic can 
be seen and identified on the scope, control 
can lx: exercised by radar. If the target 
fades or contact is lost, control reverts to 
the basic non-radar system. He said radar 
is nsexi in conjunction with air traffic con- 
trol services rendered between Martinshing 
and Baltiiiiorc. Radar-assisted air traffic 
control also provides pilots with advisories 
on all ohsened targets. This service ni.v; 
he limited by the raiir eovciafe and volume 
of traffic and workload. In addition, many 
pilots do not desire the service and request 
tliat it be withheld. 

The witness said tliat because of the poor 
return from a T-5? type aircraft, it would 
present a poor target for radar in the Brunv- 
wick arc.i below about 8.000 ft. Tlic \'iv 
count under the same conditions, however, 
being .i larger aircraft, presenb a goovi 
ictum and would be readily identifiable. 
Because of this uncertain return from the 
jet trainer, he doubted that the faint target 
seen by the controller was from the T-55. 
*rhe enlarged "blip" seen on the screen mav 
have been but was not necessarily tlic 
collision. 

.\ representative of the Air National 
Guard testified at the public hearing. He 
said that Martin Airport is located In an 
area completely surrounded bv controlled 
airspace or restricted areiiv. ,\n area roughly 
100 mi, square has Ixcii designated around 
llie airport as a local living aroa. In it. 
acrobatic and engineering flights arc con- 
ducted off airways hut because of the con- 
centration of airways in the area all other 
types of training flights are of neccssitv 
fiovni In controlled airspace, \'arious con- 
Bested areas, restricted are.is, and Air De 
fense Identification Zones j.ADIZ) within 
the area ate avoided. 

The establishment of the local flying 
area was coordinated with the .Aberdeen 
Proving Cionnd as the .SNG is allowed to 
use part of this restricted area for training. 
Departure and arrival corridors have been set 
up through this area to avoid congested 
areas and reduce conflict with other traffic 
as much as possible. It was not considered 
ncassry to issue N'OT.AMS describing the 
.ANG activity ivecanse of the relatively snull 
amount of traffic generated at the base — 
about 100 flights per week. The squadron 
training procedures stress the necessity anil 
importance- of pilot vigilance and that Civil 
.Air Rcgnl.itions place the responsibiiity on 
the pilot to avoid collision under \T''R 
conditions. 

The witness testified that certain Standing 
Operating Procedures (SOP) have been 
cslablishc'd in tiic squadron. These ace 
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operating rules for the .squadron ami do not 
c.irty the same weight as Air Force Regu- 
L.tiom III that the; are written at ss|uadton 
1ls-cI. sop’s covering operational phases 
III the si)iiadTon are coustantiv monitored 
liv the operations officer and if it is de- 
termined one has been violated discipliniiry 

The witness stated that subsequent to 
this accident Ihc -Air Force accepted certain 
voluntary flight restrictions. T’he resulting 
directives are voluminous but hasicalls- tlie 
effect is to preclude noiitactical flying in 
jet aircraft below 2O.UO0 fl. under visual 
flight rules. 7'hev also direct other similar 
action be taken to reduce as much as pos- 
sible anv conflict with other traffic. These 
directives again caution pilots about tlie 
pioelsions of regulations requiting a cun 
slant sigilaiice to prevent the rccuttencc of 
similar collisions. 

Airline Training 

The Gapilal .Airlines training curriculum 
was described bv a compaiiv omcial at the 
public hearing. .All new pilots are givc-n a 
tliree-wcck course of instniclions in Civil 
.-\ir Regulations, conipaiiv poiitv, and oper- 
ations. as well as flight and simulator train- 
ing. Fach pilot is given and required to 
.study two niannals which include the per- 
tinent Civil Ait Regulations. In addition, 
,ill captains arc required, twice vcarlv, to 
demonstrate proficicnev in flvmg as well 
,is know-ledge ol Civil .\ir Regnl.itioiis, 
company policies, and tlie aircraft in nhieli 
tlie; are qualified. In all copilot instruction 
and/or upgrading, knowledge of Civil .Air 
Regulations must be demonstnted. The 
company al.so const.mtiy piililislus 0|x-r.i- 
tional bulletins concerning, among other 
things, air traffic control ami cockpit vigi- 

T'hc w-itness said that all C.\P Rights in 
the ’’Coldcn Triangle" (an area bounded 
bv an imaginan' line drawn between .New 
T’ork City, Chicago, AA’ashingtun, and back 
to New York] are operated .itcordhig to 
fFR above 9,500 ft. Pilots will not accept 
A’FR climbs ot descents above this alti 
tude. nor will they accept \'i-'R on top in 
tliis area, except in emergency, hi addition, 
C.\P. since the accident, lias applied Ibis 
"Golden ’I'rianglc" rule to all its flights. 
\’FR climbs and descents and \T-’R flight 
may be condneted Ix-low 9.500 It. but not 
•ihove this altitude. It is compani pohev 
that all scheduled flights be coiidnctcsi on 
aiiw-ayx or on approved off-airwjis routes. 
Below 12,500 ft. on approved uff-airsv,ivs 
routes flight mav be planned .md flown 
according to either IFR or \'FR, except 
when w'eiither conditions permit onlv instru. 
iiient flight. .Above 12,500 ft., on approved 
off-airways routes, pilots nuist file an IFR 
flight plan but nuist operate according to 
\’FR. 

'I’hc witness said tliat clearing "S" turns 
during climbs and descents arc not required 
by Civil .Air Regulations, but the pilot.s are 
constantiv reminded of the need for keep- 
ing alert and vigilant to sec other traffic. 
In addition, there is contempbted a polity 
tcMsion requiring clearing maiicmcrs during 
descent. ’Flic (vclositv normal oper- 
ation) of the A'iscount is 258 kt. indicated 
and this is the maximnin operating speed 
ixrmittcd In descent except for emergency. 
A coinpanv rule states that logbook noti- 



HERE’S 

PRACTICAL 


If you have a problem concerning high-heat protection of metal sur- 
faces up to 4500°F, our Technical Service Department may be of 
valuable service to you. This service goes far beyond data sheets 
and specimens. Without cost or obligation, our engineers will analyze 
your requirements and make specific recommendations based on cer- 
tified performance data. If necessary, we will visit your plant to confer 
with your engineers and study the problem first hand. 

The practical answer to your problem could well be Flamemastic, a 
remarkable insulation coating that protects ordinary metals to 4500°F. 
Thoroughly proved in the torrid combustion chambers of high-production 
missiles for over 4 years, Flamemastic has these outstanding properties: 


• Effective insulation from 
-100°F.to 4500°F. 

• Fire resistant and 
retardent. 

• Resists high tempera- 
ture gas erosion. 

• High abrasion and 
impact resistance. 


Fast, economical to 
apply by spraying, 
rolling or troweling. 
Can be applied to a!! 
ferrous or non-ferrous 
metals. 

Resists acids, alkalis, 
bleaches, oxidizing 
agents. 


• Excellent adhesion. 

• Inhibits corrosion. 

• Eliminates condensation. 

• Weatherproof. 

• Lightweight 

• Flexible, 

• Relatively inexpensive. 


Write us today, outlining your problem, and we'll go right to work on it 


FLAMEMASTIC 

DYNA-THERM CHEMICAL COHP.(/o'merlylgeilC/<tm;cilProducls.lne.) 
3013 Mok« Avenua, Culver City, California • TExas 0-A7S1 
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Electronic 

scientists-engineers 


The Columbus Division of North American 
Aviation is expanding its electronic staff in the 
Advanced Design, Systems Management, and 
Systems Research Groups. Career positions 
available: 

ECM— Perform analysis and development of 
advanced airborne electronic counter-measures 
systems, including analysis of the weapons sys- 
tem in its tactical environment. 

RADAR ANTENNA — Assume responsibility 
for theoretical, experimental, and system analy- 
sis of advanced radar antenna techniques, 
including electronic scanning. 

DATA PROCESSING— To analyze informa- 
tion sources, communication rates and process- 
ing of information, equation mechanization, and 
computer programming for airborne and ground 
processing systems. Must know digital-to-analog 
or analog-to-digital conversion techniques. 

If you have an advanced degree and/or several 
years experience and are interested in moving up 
from components to entire systems, write to: 

Engineering Personnel, Box AW794 

North American Aviation, Inc. 

4300 East Fifth Avenue 

Columbus 16, Ohio 

THE COLUMBUS DIVISION OF 

NORTH AMERICAN AVIATION, INC. ^ 

Home of the TsJ Jet Trainer and the ASJ Vigilante 


tions A'ill not be ninde during climb or 
dc^c•c^t or in congested areas. CAH con- 
tmuouslv conducts Right chects to ensure 
compliance with alt regulations and to 
ensure cockpit discipline to further safeh 
and cStiency of flight. 

During the investigation it was learned 
that the T-ir pilnt bad been involved in 
tn'o previous collisions and one major land- 
ing accident. -Alsi), the copilot of titc ^'i.< 
umnt had been inrohed in a collision and 
one other incident. 

The first of Capt. McCo)'*s collisions 
occurred when another nirpbne on an aerial 
gunnery nhssion made a simulated firing 
pass on his aircraft. 'Hic pilot misjudged 
•and collided with Capt. McCoy, 'nie second 
collision occurred nhen Capt. McCoy, in 
a close formation acrobatic mancucer, was 
ut.uhic to effect control and slid into the 
lead aircratt. In the other accident. Capt. 
.VIcCoy made a hard landing and damaged 
the .iircr.ift so that a major component had 
to be replaced, 'llie copilot of the N’iscounI 
had. while- on active duty with the U. S. 
Nav)', collided with a towed aerial target 
while on ail aerial gunnerv mission. On 
another occasiou he had experiene-ed an 
engine flaincout in a jet aircraft and was 
forced to "hail out." 

It is evident from the nature of these 
accidents that they in no wav indie-ate a 
lack of training or patterns of kchas-ioi 
uhleh arc of significance to this ins-estiga. 

ANALYSIS 

It appears probable to the Board that the 
faint telurn on the radar-scope followed by 
the enlargement of the \'iscount target 
seen by the tenter controller working Flight 
300 was. in fact, the collision. No other 
reasonable eNplanahon can be advanced to 
account for these observations. .Allowing 
ID see. lone sweep of the radar antcnn.i) 
tor tile controller to verify the target first 
observed and 8 sec. for evaluation and initi- 
ation of his transmission, it was possible to 
Csliinate closc'ly the time of tlie accident. 
As Stated before, the controller's transniis 
Sion was made three minutes and three 
seeomls after Flight 500 had reported over 
M.artinsbiirg at 1126. Subtracting the IS 
sec. estimated to have clapse-d prior to the 
call. It is deteniimcd the accident occurred 
about 2 linn, and 45 sec. after 1126. .As 
the point of collision, determined from 

S round witnesses, was 1-4 mi. ftoin Martins. 

iirg. It was calculated that the ground 
^ed ot the A'iscount vv-as approximately 
'04 kt. With corrections for altitude, 
temperature, ,md wind it was further cal- 
culated that rise indicated airspeed of the 
V iscount was about 235 kt. Tins speed is 
approximate and may vary sllghllv but it 
is within the taiige of normal operation. 
.\ny variation in this speed would not affect 
this analysis, ivliieh is based on damage 
patterns and which indicates relative motion 
onlv between the two .lireraft. 

From a study of the in-flight damage to 
the two aircraft, it was determined that 
initial contact between them was when 
llic nose section of the 1.55 right tip tank 
struck the left side of the Viscount fusc- 
ligc just ahead ot station 152 below the 
rtoorlinc. .As a result of this impact the 
nose section of the tank was crushed inward 
and rearward. Rivet scratche's on the tank 
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T-33, Viscount Angular Relationships 


Tima to Analo of T-33 from Angle of ViGcounl from Distance berween 



iilso running inward and rearward confirm 
the fact that the damage resnUed from 
loads acting inward and rearward at an 
ringle of approximatciv 4” deg. The V'ls- 
fount fuselage conversely was destroyed by 
loads acting from left to right with some 
indication of an upward component at 
station 152. 

Following this initial impact, whicli sep- 
arated the nose section from the T 55 tip 
tank, the main section of tank contacted 
the V'iscount fuselage liclow the forward 
entrance door, llic next area of impact 
was between the T-sT wmg and the Viv 
Lount fuselage, upward and forw.ird of tlic 
initkil impact area. This destroyed the 
right wing of the T-55 and shattered the 
nose structure of the Viscount. Tlic forces 
which destroyed the wing acted tc.irward, 
inboard, and downward as evidenced bs the 
bending of the front spar tippet cap and 
scratches riming aft and inboard at angle 
of 42 deg. and 45 deg. on the top surfaces 
of wing fragments. 

I'Jamage to the Viscount nose structure 
was caused by loads acting predominantly 

Fuselage Scratches 

ITie outer portmii of the right lioncoofal 
stahili/er of the 'f'-55 was destroyed when 
it struck the upper left Vi-scoiint fnscl.ige 
between stations 198 and 252. ScTatches 
ftiirad on ftagincnls ot this strneturc ran 
aft and inboard at angles of 55 deg. and 
45 deg. -Again the oainage to the V'is* 
count was due to force's acting from left 
to tight. 

.A stndv of this damage .showed best 
agreement in matcliing the observed collision 
damage of the two aircraft when the longi 
(udinal axes were pointed toivard each other 
with an angle oT appriiximatelv 42 deg. 
between them and witli the aircraft rolled 
into one another with an angle ot approxi 
inatcly 25 deg. behveen the vertical axes. 
With this relative attilndc conshnit during 
the period, there was generally good cor- 
relation betsveen the damage from the time 
the nose section of the tip tank contacted 
the Viscount fuselage until the T-55 right 
horbontal tail hit. Because the sertical 
closure between the two airplanes was 
obvioiislv small, it was assumed to be 
negligible as compared to the horizontal 
closure. 

From this study it was detennined that 
lire airspeed of the T-55 was approximately 
55 kt. greater than that of tire A'iscQimt 
at the instant of impact. Tire rate of 


clasorc between ilrem w-as approximatciv 
195 kf. 

ft is significant that tire eyewitness' dc 
.vcnptioiis of the collision arc entireh- eon- 
sistent vviih the inflight damage to the two 
aircraft. The Board believes, from all tire 
evidence, that the Viscount was flying a 
straight course but dcsccndiug at a uorinal 
late and at an inclic.ited airspeed of approxi- 
mately 255 kt.; further, th.it the T-s5 w.is 
flviiig a straight course which was parallel 
and to the left and behind tire Viscount. 
Although in a shallosv climb of .a few de- 
grees, its airspeed was liiglicr and it was 
overtaking the Viscount. .A short intcrsul 
before colliding the T-33 Ijepn a normal 
right-hand turn and continiictr in this turn 
imti! striking the side of the airliner. .\l- 
tboiigh the T-55 vs-as in n slight chmh and 
the Vbscoiint was in a cL-sceiit. it is cloiiht- 
fill th.it the small vertical closure would 
Ire perceptible to groiind witnesses. 

Rased on the .ibosc mentioned evidence, 
a stndv sv.is made of the tclathc opportuni- 
ties for the wirimis crew mcinhers to see 
the other aircr.ift during the 60 sci'. iin- 
mediatclv prior to collision. .\t the iiistmit 
of mipacl tire flight patli of the V'iscount 
was assimved to he straight while that of 
the T55 was assumed to be in a coortli- 
iv.ited turn to the right. Vt .ui angle of 
bank of 25 deg. and mi airspeed of 290 kt. 
I VS (551 Ft. per second trucl. the T 55 
would base .1 r.idius of turn of about 20,500 
ft. To liavc struck the Viscount at an angle 
of 42 deg., the T-55 would have had to 
have vtatted its turn about 26 sec. before 
c'oliisoii from a pat.illcl course about 5,200 
ft. to fire left. 

Pilot Visibility 

,\ comparison of -angles isec table! vvith 
the cockpit visibilitv charts for the V^seouiit 
shows thit the copilot could not have seen 
the T-55 until at the instant of impact. 
Hie pilot could not have seen the i'-55 
liiitil about 26 see, prior to collision because 
ef the intcts'cniiig fuselage aft of his left 
w mdovv. 

.Vs for the T-55 pilot, there was no oh- 
.stinetion to his seeing the V'iscount for 
well over a minute Ire-fore colhsiem. 

From .a stndv of weather reports for tire 
atca, supported In testimony of groniid wit- 
nesses, it appears mosi likely that the cloud 
cos-ctage below 12.000 ft. hi the accident 
area consisted of 1- to 2/lOths of fair 
weather cumulus clouds liascd at approxi- 
m.alel)' 4.500 ft. with very little vertical 
development. One ot two eyewitnesses 



in Southern California 


There are iirportant positions available in these 
lail, indepeadent engmeering groups at Bendlx- 
Pacific tor engmeers at all levels, Bendix-Paciflc 
s particularly iateresled in strong, analytical 
engineers who have the calibre and capabilities 
0 advance into systems engineering programs. 

Pieose write W. C. Welker 
the coupon end moil it today. 


I'ledp sjicrman way, North Hollywood, Cat ii. 
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■ For Absolute, Differential or 
Gage Pressures. 

■ Small Sise — Lightweight. 

■ Withstand 25g to 2000 eps. 

■ Outputs Linear With Pressure. 

Air Speed and Altitude. 

■ Accurately Dependable for Missile 
and Other Airborne Pressure 
Measurement Applications. 


For complete technical information, write: 




design-procurement! 


It’s the key to a wide range 
of pre-tooled filler caps and 
components. Units adaptable 
to aircraft, missile, ordnance 
and other activity fueling 
systems. Many combinations 
direct from stock. Wky 
duplicated Write for your 
guide today! 

spe:co 

0IV1SI0H Of iEistr4i*rts comf*ht 

SPRINeFISLO, OHIO 


•sbtcd that tlic jet momentanlv parsed 
tlirousli or behind one of these small clouds, 
but all witnesses were in general agrccnient 
that both aircraft rvete cicsily visible for a 
considerable period of time prior to the 
collision. 

Cir’il .\ir Regulations require that all 
pilots in \'FR weather conditions maintain 
5ep,itJtion from other traffic sisnaUv. ir- 
respective of the t\pc of flight plan or 
clearance. In addition, these regubtions 
liaie established right-of-way rules govern 
ing the flight of converging aircraft. Here 
tire evidence shows that both aircraft were 
Ijcing operated in \TR weather conditions; 
also, tii.it the T-II was bcliind and oicr- 
taking the \’iscount. Cii'il .Air Regulations 
clearly stale that an aircraft lieing ovcrt.ikcn 
lias the riglitofway. The overtaking air- 
ciaft. whether climbing, descending, or in 
Iiorizont.il flight sliail keep out of tbc nay 
nf the other aircraft bv altering its course 
to the right, and no subsequent change in 
the relative position of Ihc two aircraft 
sliall absolve the oicrtaking aircraft Iroiii 
this obligation until it is entirely past and 

llic evidence is clear that the T-33 pilot 
had ample opportunity to see tlic X'iscQiint 
and , Isold it. 

3\’itli respect to the A'iscount. whether 
rhe 26-scc. sighting possibility is adequate 
is less dear. Numerous studies base been 
Mndiictetl on this subject ami the con- 
clusions readied .arc iicarlv as nunierous. 
Most of tliese studies agree tiiat after 
another aircraft is sighted eiusivc action 
can be aecumpllshed m less than 26 sec. 
.An area of disagreement exists. Iiowcs'cr, 
as far as the time required to scan for 
and detect other aircraft and to determine 
that a collision course exists. 

In this accident it is obiioiis the \'ls- 
connt pilot did not see the T-33. It is 
fundamental that a pilot's primarv responsi- 
bility is to direct his attention to the most 
critical area, nlncli is ahead nf the aircraft. 
This is in no isav intended to mean pilots 
should not look around .md take any action 

hottcs’cr, tliat a greater degree of vigilance 
js required in the direction the airerail is 

In this collision the T-33 could have 
been seen about 26 sec. before collision. 
The Board does not believe tliat the fact 
the Viscount pilot did not see the T 33 
in this period of time indicates a lack of 
vigibnec. It is believed there mai- be periods 
of lime considemblv longer than this in 
which a pilot may not liaie the opportunity 
to clear behind him. ft is not unreasonable 
therefore to place responsihilitv for colli- 
sion avoidance on Ihc aircraft which is be- 
hind and oicrtaking and, in fact, iimict the 
Civil .Air Regulations, the os'crt.iking air- 
ciaft is clearly burdened to sec and avoid 
other aircraft. 

.As stated before, the Board believes that 
the collision nas observed on the radar- 
scope by the controller. It is tragic that 
no return nas received from the T-33 in 
time for the controller to Lake action to 
alert the ctew of the A'iscoimt. .As more 
advanced and sensitive equipment is devel- 
oped, many limitations of radar traffic con- 
trol will be alleviated and it should be 
possible to prevent this type of aircraft 
accident. 


CONCLUSIONS 

I'rom all the available ciidcnec the Board 
eoiieludes that the weather at the flight 
altitude was \'FR and that both aircraft 
would haic been free from clouds about 
'l/lOths of the time nithout taking any 
.iction wliatsoci'ct. 

It is also e'vidcnt that Capt. McCoi. 
from his overtaking position, had ample 
opportunitv to see the A’iscount ahead of 
film and take eiasive action. No unusual 
cockpit distractions or structural limitations 
to lisihility precluded him from maintain- 
ing a lookout for other tiaffie. The Board 
believes tliat Capt. McCoy n-as not exercis- 
ing the normal lookout for other airctafi 
required and expected of him. Mad lie- 
done so. this aeeident might well haie been 
iivoided. 

ConvcTselv, the Bo.ird docs not believe 
the A'isc-oiint pilots’ failure to sec the T-53 
in the 26 see. uliieli it could have been 
seecn is evidence of a failure to maintain 
a norinnt ligilancc. 

Ilic Board is nmidfiil of a current con- 
sensus concerning the obsolescence of the 
lisnal flight rules. \3'e recognize the fact 
that these views frequently involve gencrali 
-Jtions based upon assumptions of extremely 
high closure rates. Ilowcser, prohibitively 
high aircr.ift closure rates were not iniolscd 
in this accident. ,A requirement still exists 
for the continuation of visual flight rules 
substantially as coiitainrKi in the present 
Civil Air Regubtions for the large majority 
of aircraft operations such as those with 
which we are here concerned. 

With this, all responsible spokesmen for 
the principal airspace users, mduding mili- 
l-uy and civil, ,itc in agreement. Emphasis 
must again be made, therefore, on the fact 
that the obligation to see and avoid other 
aircraft under i-isiial flight rules conditions 
constitutes a condition precedent to the use 
of naiigable airspace. This responsibility 
c.mnot be evaded by .allegations that tlie 
Civil .Ait Regulations are inadequate or 
obsolete or that traffic control procedures 
which allow visual Bight are improper. 

Accordingly, the alt traffic rules clearly 
establish that failure to maintain a constant 
I'gibnce for other air traffic endangers the 
iiics and properly of others and. therefore, 
constitutes a disregard for the safetv of 
other users of the airspace. A corresponding 
responsibility flows upon the operating 
agency wliich must maintain vigorous train- 
ing ,ind indoctrination programs in which 
cockpit vigilance is the subject of continu- 
ous cmp}ia.sis and surveillance and in which 
failure to maintain such vigilance is subject 
to effective corrective action. 

Subsequent to lliis accident the .Air Force 
published directives requiring that the oper- 
ation of all aircraft along airways, between 
Id.OOO and 2O.OG0 ft., be according to 
IFR. However, pilots may accept VFR 
climb or descent restrictions. In addition, 
'oinc Air Force commands has'C imposed 
further rtstrictions on localh based jet ait- 
u.ift which essentially preclude their oper- 
.ition below 20.000 ft. under visual flight 
mies. 

Since this accident Capital .Airlines has 
required that all its flights be conducted 
according to the procedures set out for 
the "Golden Triangle," i. c., aircraft above 
9,500 ft. on airss-ays must be operated ac- 


AVIATION WEEK, February 2, 1959 



Martin P5M-2s Delivered to France 


First Martin P5M-2 aiili-.siibninrine warfare seaplanes have been delivered to Frcncli goveiii. 
iiieiit for lysc at Dakar, French AA'est Africa, as luicleus rif a new .\S\3' squadron which 
will oiieratc as a N.VI'O unit with .Allied nasal air forces. .Aircraft were ordered under Ihc 
.Military- AssisLance Program and marks first delivery of P5\I-2s to a foreign gm-cminenl. 


eoiding to IFR. A'KR restrictions on climb 
and descent ssill not be accepted abos-c 
Ibis altifudc- 

PROBABLE CAUSE 

Tlic Board determines the probable cause 
of this accident nas the lailuic of the 
T-35 pilot to exercise a proper and adequate 
i-igilance to see and avoid other traffic. 

Bv the Civil Aetonautics Board; 

James R. Dnifce 
Chan Gnrnev 
Ilarmar O. f)enm 
Cl. Josi-ph Minetti 
l.miis J. ilcUor 

SUPPLEMENTAL DATA 

Tlic Civil Aeronautics Bo.ird was notifietl 
of this .-iccidcnf sliortls after it occurred. 
Imcstigatois wc-R- imincxliatelv dispatched 
to the scene and an inv-estigation w-as initi- 
ated and coiidiictc'd in acciirdantx- with the 
provisions nf Section T02 la) I2i nf the 
Civil Aeronanlics .\cl of 193S. as aincndcd. 
A piihlie hearing was ordered hy tlie Board 
,ind lic-ld at the ilepartmc-nt of Coiniiieice 
Audilotmm, Washington, D. C.. on June 
30. July I. and July 2, I95S. 

Capital .Airlines. Ine., is a ndawaie cor- 
poration and maintains its principal offic-cs 
in AA'asliington. D. C 'I'lic eorpoialion 
Iiolds a current certifie.itc of pnhlie cmi- 
vcnicncc and nc-cessitv issued Isv the Civil 
Aeronautics Board to engage in the trails 
jiortation of persons, propertv, and mail. 
It also possesses a v.ilid air carrier operating 
certificate issiicxl by the Civil .Acionaiitics 
Administration, 

TTie Man-land Air Njliomil Guard is a 
rcscnc Component of the US \1-'. ‘Ilic 1 04th 
I-ightCT Intciccptor Squadron (\larvhmd 
ANCI is a unit of the I13lh Fighter In- 
lerccptor AA'ing. Training for the squadron 
IS conducted to qiialifs the menihcrs of 
Ihc unit to fulfill a mobilization assigiiincnl 
with the US.AF at such times ,st the na- 
tional sceiirils requires. 

Capt. Kendall |. Bradv. age 3S. was em- 
ployed by Capital -Airlines June II, 1945, 
lie held a salid airman certificate with 


an .nrlinc lianspnrt rating fin airpl.nie. imilti- 
engine land. Douglas OC-3 and DC 4. and 
A'ickcis A'iseount. Capt. Bradv kid a total 
of 12,719 flying hours, of which 1.432 were 
iii the A’iseount. He passed ins last first- 
ilass plusic-il examination on April 15. 1 95S. 
He received his last semiannual piofieiencv 
check on Nov. 25, 1957, and Ins last line 
thcek Alar. 25. 195". 

Mr. I’.nii F. Mcycn. age 26. was einployvil 
hy Capita! .Airlines, Alay 25, 1956. Me 
held .1 salid airman certificate with ;i com- 
mercial pilnl rating for singie- ami miilll 
inginc land airer.ift. and an instrument 
rating. He had a tnt.il ol 2,467 flying hours, 
nl svhicli 1.596 were in the A’iscoiinl. Hc- 
p.isscxl his hlesl first-class phvsical on Mas 
20, 1937, 

Ills last copilot iinific ieiK-y tlieck and 
semianimal instmnu-nt cvitifieation was 
gist'll Dec. 14. IQs'". 

Cipt. Julius R. McCoy.. ige 34. w.is i.ileil 
,1s militarv pilot -Aug. 4- 1944. upon sue- 
eevsfnl completion of Ihc- aviation cadet 
training emirse. He joined the Maivkiml 
Air N.itional Guard in 1952, He had a 
total of 1,902 filing hours in single- .mil 
nuilti-eiigiiu- and single c-ngiiic jet aircr.ift. 
He h.id a total nf 397 hr. In single-engine 
jel aiiethft, of which 210 secre in the T-33. 
His latest medical examination w.is passed 
Jin. 3. I95S. His latest insiniment certi- 
fication was given Dee. 19. 1957. 

THE AIRCRAFT 

The A jvconnt. N 7411). a A iekeis \'is 
count, model 745. w.is iiiaiinf.icturLd in 
the United Kingdom Jim. 15. 1956. It 
W.IS acqiiiicd hy C.ipit.il .Airlint-s on J.nv. 24, 
19;6. Records -slinwed live aircraft was 
inaaitaincd in accordance with applicable 
regulations. 7Iie aircraft vv.is c-c|nippcxi with 
Rolls Rovee Dart engines, model olO. ,ind 
Rotol propellers, model No. R130/4-20- 
4/12. 

The T-33. \F 55966. a Lockheed T-33, 
was maintained bv the Marvbnd .Air Na 
lioiial Giiarii in accordance with al! appli- 
e.ilile -Air Force maintenance regulations. It 
vsas equipped with an .Allison engine, model 

J53-.A-33, 



One snlnrirm Ilea in closer cooperation 
among the equipment manufacturer’s 
circuit designer, cable manufacturer, 
connector supliUei- and whoever is 
resiionsiblc for cable assembly . . , 
before specifications are written, How- 
evei-, such multiple i-esponsibility can 
delay design and delivery, 

There's, a belter lens-. Reduce your 
cakle assembly team to two membei-.s: 
your ciixuit designer and a cable 
mamifacturer qualified and equipped 
I to accept complete i-esponsibility. iicx 
Corporation volunteers for the .job. 

specify electrical, mechaiiical, dimen- 
sional, environmental requii-emenls. 
From there on, the responsibility is 
oui-s. We select conductors, coi-rcet 
insulation, jiroper lay of strands to 
achieve ideal baiance of cable relia- 
bility, flexibility and cost. AA'e specify 
whether conductor- ends should he sil- 
ver plated or tinned. AVe al.so select 
standard or engineer sriecial connec- 
tors to achiei-e proper cnaracteristies. 
Finally, we assemble and test the pi-o- 
totyjie for your acceiitance. Prototype 
approved, we pj-ovide your cable as- 
semblies in production quantities. The 
result: reliable cable assemblies in less 

fiimiiKoie.’ As a manufacturer of 
wire and cable for aviation and mili- 
tary applications since 1!)34, Rex 
Covpoi'ation is uniquely qualified to 
work with you. For technical assist- 
ance 01- infoi-mation leading to reli- 
able cable assemblies, write; 

CORPORAT/ON 

WEST ACTOK, mass. — colonial 3-7721 
Iii-iilulcd AA'irc A Cable • Mil-i-iici- ire 
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EXPANDING THE FRONTIERS OF SPACE TECHNOLOGY 
...Test 



WHO'S WHERE 


chief (if rewmeh aetivitics; Richard C. Mol- 
Tnuiiier, chief of tcit operations: Stuart L. 
deff 


Neck, N .l . 

Rid^ p. F^. f W S^. 

Inc" c'lendale, Slif.' 

K. I.. Spencer, general maiiaget, and Ccr- 

; h £€}«,= 

Srstenis Department, Philadelphia. Pa. 



Corp., Cincinnati, Ohio. 
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TEST PILOTS 

Immediate openings for 
production and engineer- 
ing test pilots. Require 
multi-engine jet and pref- 
erably seaplane experi- 
ence ; commercial and 
instrument license. 

Salary Open 

WRITE 
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DISEI^HANTED 



S;Ta.‘” 



Don'T forget the 

BOX NUMBER 

adTerHtDmSBl you <rro cmiwsrin9. 



ENGINEERS: 



The kind of (ife 
you want for 
your family 


GET BOTH AT 

BENDIX YORK 



PHYSICISTS 

MECHANICAL ENGINEERS 
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EMPLOYMENT OPPORTUNITIES 


Brilliant Ground-floor 
Opportunities for 

FIVE HIGH-LEVEL 
ENGINEERS 

in a New Creative 
Missile Group 

IN SUNNY SAN DIEGO 


Five brilliai 


open for creative engineers in 
Solar's new missile group. The 
projetts involved nte t.rccptionully 
exciting and challenging but can- 
not be publicly announced at Ibis 
time. The right Kve men joining 
now will gc*t in on the ground floor 
ami gain key creative positions in 
their fields of interest. 

AREAS QP EXPERIENCE 
SOUGHT 

Flight mechanics, analysis of 
missile trajectories ... missile 
dynamics, stability and control, 
aerobnllistlcs . . . airborne fire con- 
trol computers, data links... sta- 
tistical error and control response 
error analysis... servo-mechanisms, 
precision airborne hydrunUc servos. 

SOLAR SPECIFICS 
Solar is n mediunr-size company 
( 2300 people In San Diego ) with 
a successful history since 1027. It 
is big cnonglt to offer the most 
advanced personnel policies, )-ct 
small enough so you don’t get lust 
in tire crowd Salary and perform- 


ance reviewed semi-nnmially. Solar 
is making many significant contri- 
butions to space age technology 
and the special professional sditus 
of engineers is fully appreciated 
and recognized. A new 60,000 sq. 
ft, engineering building. neces.si- 
tated by expanding research and 
development, will be completed 


! finest year-aroimd climate 
te U. S- Recreational, cultural 
educational facilities arc 
). The new advanced science 
of the University of Cali- 
fornia offers exceptional opixjrtu- 
nities for fiuihor study. Outdoor 
living and sport can Ik enjoyed .all 
year long. Yon and your bunily will 
really "live” in San Diegol 




SEND RESUME 

Please send restime of your quali- 
ficatioos at the earliest opportunity 
to Louis Klein, Dept. E-339, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, Calif, 


SOLAR 

AIRCRAFT COMPANY^ 


The Misfile and Space Ve- 
hicle Depl. of General Elec, 
trie has immcclirtte positions 
In the design and develop- 

municetion\hrough ionized 
media and infrared. Mas- 
imiim personal contribution 
is ncsiired by Harking in 
small study groups on; 

• Coding, multipath and 
associated signal prop- 
agation problems. 

• Research and Develop- 
ment of electronic, op- 
tical and infrared sys- 
tems applicable to ad- 
vanced missiles and 
space vehicles, 

• Theory and analysis 
of operational require- 
ments for design and 
development of missile 
and space vehicle com- 
munications. 

These high level positions 
require a background in ad- 
vanred systems development, 
high order of erealivily and 
analytical thility, Advanced 
degrees are preferred. 


j GENERAL t^ELECTRIC I 
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to encourage 

your creative process 


“The Stature to 
command technical 
respect is 
essential.” 

Aircraft Gas Turbine 

SENIOR 

ENGINEERS 

Mechanical 
Systems Design 

Cnntrol Systems 

lieroilynainics S 
Thermndynamics 


If y ou arc a trained engineer or scientist scekinij to apply your own imnninaiion 
and inijcnuity to dcvclopint; advanced detection, control, or comiuunicaiirtn 
systems, you want conditions designed to encourage ytiur creative process. I 
After conduclin? surveys on many locations, the Bendix System,? Division 
selected 56 acres iidjaceni to the Engineering campus of the L'niversily of 
^^icl1igan as offering the best site for its new liome and for creative work. ' i 
The Systems Division, serving as the focal point for systems planning 
within the Bendix .-\viation Corporation, is housed in a new two-siorv struc- 
ture. Equally divided Ixttwcen laboratory and cilice space, tliis modern 
building offers full facilities for encouraging your finest work. ' 

The proximity of the University of -Michigan, as well as Bendix personnel ' 
policies, permit you to attend day classes. Tlic friendly town of Ann Arbor 
offers you the low-pressure life of a small town combined witli the cultural | 
advantages of a large city. I 

For greater opportunity in weapon systems planning, research and 
devclopmcnl, along with more comfortable living, you are invited to write the 
Bendix Systems Division, Depl. .Al-20, Ann Arbor, Michigan. 


management consultant to 
Small Aircraft Engine De- 
partment personnel and air- 
frame customer.?. 

You insure conformance of 
S.AED aircraft gas turbine 
designs with applications for 
design roquivcnients. You 
troubleshoot technical devel- 
opment ami field application 
of SAED engines, recom- 
mending neces.sary action. 

Y'ou assess design adequacy, 
promote uniform design cri- 
teria and practices niiiong 
SAED products. Also liaison 
in and out of General Electric. 
RrspuvKible punitinns wise 
■ipen at all Irrela in all olhrr 



Bendix Systems Division 

ANN ARBOR, MICHIGAN 



Inquire in eonfidenec to: 

Mr. Charles A. Durakis 

Professional RecruilIng & Plocement 
Small Aircraft Engine Department 
1140 Western Avenue 
West Lynn, Moss. 
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LETTERS 


Sm iet ICBM Range 

In tlic Jan. 5 issue of AvwtiON 'Veei: 
oil p. 20 there teas an article entitled, "So- 
viet ICBM Plans Discussed.” 

Tlic aiticle indicated that several theories 
liase been propounded concerning v.hy Mr. 
Khrushchev and the Russians picked 8.700 
ini. a.s the range of their long-range ICBM 
[intercontincnt.lI ballistic niissil^, (No- 
bodv has \*ct staled whether thev were talk- 
ing about nauKcal or statute mdes.) 

I should like to mention that tlie Russians 
hove some good solid bases at the South 
Pole left over from the IGY [Internation.il 
Geophysical Year] program wliich, for sev- 
eral reasons, might logically be used as 
launching sites for ICBMs; ficlorc von guf- 
faw — the range from the South Pole up to 
deg. north is — 8,700 nautical miles. 
This just covers the main population area 
of the North .\mcrican continent. It is 
also outside the reach and orientation of 
onr BMEW’S [Ballistic Missile Early Warn- 
ing System] system to the north of us. 

Aluch more could be said concerning the 
advantages of having a IcmI base of opera- 
tions outside the limits of one's own coun- 
try. In case of conflict, the U.S. retaliatory 
missiles u'uuld neccssarilv be split. Part of 
them would haie to he used to eliminate 
further threat from bases at the South Pole, 
if thev are able to reach it, and no other 
provisions have been made. Tlic remaining 
units could be spent on their originally in- 
tended targets in Russia. In the meantime, 
if w'c have an anti-missile missile, the sys- 
tem may have been oriented in the wrong 
direction so as to base been totally useless. 

Perhaps a little reconnaissance in the 
area of the South Pole is in order. 

J.sMts T. WaictiT 
Operations Researcli Engiiicei 
\'an Nuys, Calif. 

Business Flying News 

Don't like to gripe about things — hut 
how about more news on the private fiving 
angle? Small planes, business flying, etc.! 
I'm so sick and tired of reading about thi.s 
"missile” and that “rocket, " etc., that I 
just about declined from renewing my sub- 
scriotion. Tliis goes for a lot of people here 
In flight test, I bclics'c. What tew articles 
sou A) have on the small stuff arc very well 
written. How about a larger percentage of 

Charles W. Key 
Seattle. M'ash. 

Technical Management 

Space was given in .\vution M'eek, Dec. 
22 (p. 861. to J. K. Gcrdel of the U.S. 
.\rmv Transportation, Suppiv & Maiiitc-- 
nance Command, St. Louis, Mo., who ex- 
pressed some suggestions pertaining to the 
mana|cmcnt of engineering projects by 
"non<nginecring qiialifled managers." 

To help dispel anv illusions which this 
letter mav have created among our vouiiger 
and inexperienced engineers and technical 
people, it is requested that space also be 
given to the follow-ing comments. 

Direct issue is taken with the thought 
expressed in Mr. Gerdel’s letter, particul.irly 


tetters to the Etiitor. Arialion fFeek. 
H30 V. 42nd Si.. Netc York 36, /V. Y. 

give a genninc identification. We wilt 
not print nnonrmous fellers, bul iinnies 
o/ icriters iciit be ipithheid on request. 

with the fjlbcy tliat ". . - lack of specific 
tcehnolc^ical training or experience wi1l be 
no obstacle to the application of maiiagc- 
ment techniques by one who h.is a firm 
grasp of such techniques,” and also with 
his statement that "Numerous instances can 
be cited of the successful management of 
engineering personnel by non-ciiginccring 
qualified managers." 

Without going too far back into funda- 
menbls it is the general belief of most 
reasonable men. as well as a proven fad. 
that for an individual to perform an intii- 
cate particular task well, be must be expe- 
rienced in most or all of the particulars 
pertaining to the task. Inexperience will 
result in mediocre performance. Such is 
the war of life. Tor c.xpericucc there is no 
substitute. 

Likewise, in tlie management of those 
engaged in some such intricate and com- 
plex task, direct first-hand knowledge of 
the task or operation is absolutely a first 
and fundamcnt.il requirement if the m.m- 
ager is to make the intelligent and sound 
decisions he is called upon to make from 
day to day as the operation progresses. It 
is here assumed that policv is established 
at a higher Icscl. Contrariwise, it should 
be obvious that a manager who is not versed 
in the particular field in u-hicb he is sup* 
posed to manage cannot possiblv make 
correct decisions because he has no field of 
knowledge, no Isackgtoimd upon which to 
draw. His "credit" is not one whit more 
than that of a man who tries to draw a 
check with no money in the bank to b.ick 
it lip — just about aero. Likewise is the 
measure of respect in wliicH bis associates 
bold him (assuming llicm capable of their 

It is anuiaing to anv experienced engi- 
iiccr that a thinking person, associated in 
the engineering field with competent people 
for any Iciiglh of time, can hold that it is 
possible for engineering personnel to be 
successfully managed by "iion-enginceiing 
qualified managerST." If, in such ,i situation, 
any success .seems to accrue, it is due no 
doubt to the persistent efforts of competent 
subordinates, tireless in their efforts to have 
truth reign supreme. 

We arc now vlcaillocked in a technology 
race with the Soviets. M’e are apparently 
unable to match, let alone surpas.v, the 
scientific and engineering skill, in sever.ll 
fields, of a nation which just 40 seats ago 
was torn by a blooih revolution which 
wiped out the entire intelligentsia of the 

This is a measure of the tremendous 
piogress of the Soviets who started with so 
little. Tliis is also a measure of our own 
ineficctual methods — we, who started with 
so much and yet liave used so little of wliat 
we know. Whether we like it or not. this 
is the ground upon svhich tlic battle for 


'upremacy is being fought. It is entirely 
possible tliat complacency and the unwise 
selection of engineering leaders, both in 
industry and in government, will be the 
deciding factors that tip the scales in this 
all out struggle. For world dominion todav 
can be gainM only through superior scien- 
tific and engineering achievements. These 
ncbicvcmcnts depend in large measure upon 
the inspiration and direction of capable 
engineering leaders, 

T. D. RoBrsrsoN 
.\cionautical Engineer 
Newton, Conn. 

Aviation Progress 

1 was not really too surprised to sec the 
article whicli appeared in .\viaiion Week 
( "Limited Certification," Nov. 10, p. 126), 
and I was quite proud when Experimental 
\ircr.ift ,\vsn. member Harve-v Mace came 
to the rescue with his fine well-worded reply 
iDcc. 15, p. 122). 

,\s long as I can remember (and I have 
been active in this aviation business since 
1956) I have seen one phase of aviation try 
to advance by stepping all over another. 
.-Aviation, as you know, isn’t too much belter 
oil tod.ly than it was 50 years ago. It is 
continually aviation people working against 
each other ratlicr than being united and 
.idvaneing each phase and cause. Contrary 
to popular belief, it isn't the public that 
is in as great a need of aviation education 
and unification as it is the people in avi.i* 
tion itself. 

I agree that it seems unreasonable that 
some of these finer type .siiroliis mililary 
machines arc not allowed to fl^v w-ith some 
of the freedom that aircraft in other cate- 
gories enjoy, but tu sit back with pen in 
hand and lambast sport aviation in general 
and an educational organization such as ours 
and the -Antique Aircraft .Assn, serves no 
real useful purpose. To cdl personnel in the 
C.A.A "pigcan-biaincd powers” solely he- 
c.nisc thev do not cater to vour profit-mak- 
ing desires is also unfair. 

I hesitate to ask how much shicerc 
effort, time and travel the writer put into 
having the limited certification reconsid- 
ered. We have found that our fellow avia- 
tion eiitluisiasts who qualified for the civil 
service positions as C.A.A personnel luve 
not lost their love for aviation as manv 
people arc so often led to believe, but when 
accepting these positions are hound by liws 
that luivc been inaugmated for many rca- 

AA'c in the Experimental -Aircraft .Assn.. 
and I believe I can speak for the Antique 
•Aircraft .Assn, also, whose combined mem- 
bciship is over 10,000, have been well 
pleased with government undcrataiiding and 
cooperation. True, in some instances «c 
may not always agree but we sincerely rc.i 
lizc that laws arc not designed to please 
individuals hut the majority. Possibly the 
sellers of high performance surplus weapons 
should get organized. 

Remember, you can sell anything if v-oii 
can justify it- Paul H. Poberezky 

President 

Experimental .Aircraft .Assn. 

Hales Corner, AA'is, 
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Tiie Tjne is an atKaiicetl twin spool high compression engine tiue to 
enter ser\ice in ivj6o at mtinirs ol 4,985, 5,525 and 5,730 c.h.p. and 
has been de.signed to give a very low .specific fuel consumption. It is 
hacked by the unic|ue experience gained by Rolls-Royce in more than 
f>, 000, 000 hours operation of gas turbine engines in scheduled airline 
service at overhaul lives of up to 2,200 hours which have been 
■ichieved on Rolls-Rovce Dart engines. The Tyne will power the 
Vickers Vanguards ordered by British Kuropean Airways and Trans- 
Canada Air Lines and the Canailair CL-+ 4 D long range transpori 
developed from the Bristol Britannia lor Canadian requirements. 


II 01 I S-ROYCR I l-M ITI n, 1) I R H Y, TN (1 I .A NO 

AEROENGINES • MOTORCARS • D lESE I A N D GA S OlIN E E NC I NES • ROCKET MOTORS • N UCl E AR P ROPU LS ION 




...WITH FREQUENCY RANGES COVERING THE 
COMMON CARRIER, STL, AND GOVERNMENTj BANDS 


* The VA-225A and B are the newest additions to 
this group of efficient Klystrons. Each provides 
a 1000 megacycle tuning range within the 7.0 
kMc to 8.5 kMc range. The electrical specifi- 
cations are similar to those of the VA-220. 


The well known VA-220 Klystron series, long' 
the accepted standard of the relay industry, 
is now guaranteed for 5000 hours. 

The VA-222 series has all the desirable quali- 
ties of the VA-220 series but it is conduction 
cooled making possible added economies in 
equipment design. ..no cooling blower required. 

Write for free comprehensive catalog on Varian Microwave tubes, 
produced by the world’s largest manufacturer of Klystrons. 

VARIAN 

PALO ALTO 33, CALIFORNIA 

Representatives in all principal cities 

KLYSTRONS. TRAVELING WAVE TUBES. BACKWARD WAVE OSCILLATORS. HIGH VACUUM PUMPS, LINEAR ACCELERATORS. MICROWAVE SYSTEM COMPONENTS. 
R. F. SPECTROMETERS, MAGNETS. MAGNETOMETERS. STALOS, POWER AMPLIFIERS. GRAPHIC RECORDERS. RESEARCH AND DEVELOPMENT SERVICES 


MECHANICAL 
VA.220A and VA- 
VA-220B and VA- 
VA.220C end VA. 
VA.220D ond VA. 
VA.220E and VA- 
VA-220F ondVA. 
VA.220O ond VA- 
VA.220Z and VA- 
VA-225A .... 
VA-225B .... 


TUNING RANGE 
222A 7425-7750 Me 
222B 7125-7425 Me 

222C 6875-7125MC 

222D 6575-6875 Me 
222E 6125-6425 Me 

222F 5925-6225 Me 

222G 6425-6575 Me 
222Z 7750-8100 Me 

. , . . 7500-8500 Me 
. . . . 7000-8000 Me 




